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Summary tional and lateral stability were both improved when the
) _ o ) twin vertical tails were added, and lateral stability was
A wind-tunnel investigation was conducted in the g|so improved by leading-edge flap deflections. In gen-

Langley 12-Foot Low-Speed Tunnel to study the low- eral, directional and lateral stability were both reduced
speed stability and control characteristics of a series ofyy adding the wide top body.

four flying wings over an extended range of angle of

attack (8° to 48). Because of the current emphasis on The trailing-edge flaps were deflected differentially
reducing the radar cross section (RCS) of new military for roll control and were split on one side for yaw con-
aircraft, the planform of each wing was composed of trol. Differential deflections of the outboard trailing-edge
lines swept at a relatively high angle of’6@nd all the  flaps produced less adverse yaw than the middle flaps
trailing-edge lines were aligned with one of the two and thus were an attractive candidate for primary roll
leading edges. Three arrow planforms with different control. The roll control of a configuration could be
aspect ratios and one diamond planform were tested. Théncreased by deflecting more than one set of trailing-edge
models incorporated leading-edge flaps for improved flaps. The side force produced by split deflection of the
pitching-moment characteristics and lateral stability and trailing-edge flaps was highly dependent on the direction
had three sets of trailing-edge flaps that were deflectedof the sweep of the flap hinge line. On the forward-swept
differentially for roll control, symmetrically for pitch outboard flaps, the side force produced a yawing-
control, and in a split fashion for yaw control. Top bodies moment increment that opposed the yawing moment pro-
of three widths and twin vertical tails of various sizes and duced by the drag of the flap. In contrast, the side force
locations were also tested on each model. A large aerogenerated by split deflection of the rearward-swept mid-
dynamic database was compiled that could be used talle flaps produced yawing-moment increments in the
evaluate some of the trade-offs involved in the design ofsame direction as the drag, and the middle flaps therefore
a configuration with a reduced RCS and good flight provided more effective yaw control than the outboard
dynamic characteristics. flaps. Deflection of the all-moving twin vertical tails was

. o significantly more effective at providing yaw control for
The results of the investigation indicate that the threethe diamond wing than for the three arrow wings.

arrow wings experienced a pitch-up that became more
severe as aspect ratio was increased. This pitch-up could )

be reduced by deflecting the leading-edge flaps. Whenlntroduction

deflected symmetrically, the trailing-edge flaps produced i

relatively small pitching moments on all the wings. Recent advances in low-observables technology,

These pitch-control increments were more linear with which increase the effectiveness and survivability of mil-
deflection angle in the nose-up direction than in the nose- &1y aircraft, have strongly influenced most new designs.
down direction. Also, the nose-down control effective- When attempting to achieve low observability, some or
ness was less than the nose-up effectiveness at the high8f! Of the aircraft signatures (radar, infrared, visual, or
angles of attack. Although all the configurations would @C0Ustic) may be considered, depending on mission
require small changes in longitudinal stability, each of réquirements. One primary method of reducing radar
them could be statically trimmed at angles of attack up toPServability is to decrease the radar cross section (RCS)
maximum lift by using the inboard and middle flaps of the aircraft by app_ropnately tailoring the external con-
together. However, additional control power may be tours of the configuration. However, when these
needed to provide a control margin for dynamic situa- '€duced-RCS shaping constraints are emphasized, the
tions such as maneuvering or countering turbulence.’éSulting aircraft may have an unconventional forebody
Another limit on the trim capability of these wings may Shape, wing planform, or tail geometry. Each of these
be imposed by the need to budget the amount of ﬂapde3|gn features can hqve_ alarge mque_nce on the stability
deflection available for each type of control (pitch, roll, @nd control characteristics of a configuration; thus, a
or yaw). The combination of pitch-up and reduced nose-potential conf_Ilct_ exists be_tween achl_evmg a reduped
down control effectiveness resulted in a hung stall (trim RCS and achieving good flight dynamic characteristics.
condition at which there is insufficient nose-down con- |f the aircraft is a fighter, effective maneuverability dur-

trol for recovery) for some of the configurations. ing close-in engagements will require good stability and
control characteristics for angles of attack up to and

When the vertical tails were not used, each of thebeyond maximum lift. As a result, designers will be
wings exhibited neutral or unstable directional stability required to balance the attributes of maneuverability and
for most of the angles of attack tested. These configuradow observability to create a fighter that will be success-
tions were laterally stable at low and high angles of ful in both close-in and beyond-visual-range engage-
attack, but the three arrow wings typically exhibited a ments. For other types of aircraft, the stability and
region of lateral instability near maximum lift. Direc- control requirements may be less stringent, and the



designs may be more strongly influenced by low- C
observability considerations.

m

This study consists of an investigation of flying wing
candidates for aircraft with reduced RCS. The wing plan-
forms have highly swept leading and trailing edges, with
the trailing edges aligned with one of the two leading Cy
edges (fig. 1). The wings are divided into three groups
corresponding to the sweep angles of the leading andc
trailing edges (59 60°, and 70). Each group consists of
a diamond planform and three arrow planforms of differ-
ent aspect ratio (fig. 2). As a result of the high sweep a
angles, some of the planforms are somewhat unconvenS
tional in appearance. XY 7

This report presents the results of a static low-speed
wind-tunnel investigation of the group of flying wings o
with sweep angles of 80The results for the wings with
sweep angles of Bare reported in reference 1, and the
results for the wings with sweep angles of° 7re AC
reported in reference 2. Tests were conducted to deter-
mine the low-speed stability and control characteristics
of the basic wing planforms over a wide range of angle =*>n
of attack. In addition, a number of different control con-
cepts, a broad matrix of control settings, differences in ACY
top body width, and variations in vertical tail size and
location were also tested. The data obtained on thes%
wing planforms contribute to an aerodynamic database™a, 1B
that could be used in defining some of the trade-offs
associated with designing for both reduced RCS and
good stability and control characteristics.

Cn

Symbols S, MID

All longitudinal forces and moments are referred to
the stability-axis system, and all lateral-directional forces
and moments are referred to the body-axis system
(fig. 1). The longitudinal location of the moment refer-
ence center (MRC) varied among the different wings.
This position was chosen such that each configuration
would have neutral longitudinal stability at low angles of
attack when all the controls were undeflected (table 1).
The MRC vertical position was fixed at 1.87 in. (3.7 per- 0,
cent of the root chord) below the wing horizontal plane
on all the configurations. The total planform area
(table I) was used to nondimensionalize the force and6

a, 0B

moment data. f,1B
b wingspan, ft
C drag coefficientMe 6f, MID

D ’ qs

. - Lift force

C lift coefficient, ———=—

) as % o8B
C rolling-moment coeﬁicientwt

! qSb

pitching-moment coefficient,
Pitching moment

qSc .
. .. _Yawing moment
yawing-moment coefficient————— qSb

side-force coefficient:S'dZ%e

mean aerodynamic chord (based on entire
planform), ft

free-stream dynamic pressutie/ft?
reference area (based on entire planforr), ft

longitudinal, lateral, and vertical body axis,
respectively

angle of attack, deg
angle of sideslip, deg

incremental rolling-moment coefficient,
Cl,control deflected” CI,control undeflected
incremental yawing-moment coefficient,
Cn,control deflected” Cn,control undeflected
incremental side-force coefficient,
CY,control deflected” CY,control undeflected

differential deflection angle of inboard
trailing-edge flaps based on equal and
opposite deflection, positive with trailing
edge down on right wing, measured normal
to hinge line, deg

differential deflection angle of middle trailing-
edge flaps based on equal and opposite deflec-
tion, positive with trailing edge down on right
wing, measured normal to hinge line, deg

differential deflection angle of outboard
trailing-edge flaps based on equal and
opposite deflection, positive with trailing
edge down on right wing, measured normal
to hinge line, deg

symmetric deflection angle of body flaps,
positive with trailing edge down, measured
normal to hinge line, deg

symmetric deflection angle of inboard
trailing-edge flaps, positive with trailing edge
down, measured normal to hinge line, deg

symmetric deflection angle of middle trailing-
edge flaps, positive with trailing edge down,
measured normal to hinge line, deg

symmetric deflection angle of outboard
trailing-edge flaps, positive with trailing edge
down, measured normal to hinge line, deg



leading-edge flap deflection angle, positive

LEF
with leading edge down, measured normal to
hinge line, deg
S, symmetric vertical tail deflection angle, posi-
tive with trailing edge left, deg
6S vip  SPlit deflection angle of middle trailing-edge
flaps, positive when deployed on left wing,
measured normal to hinge line, deg
6& og Splitdeflection angle of outboard trailing-edge
flaps, positive when deployed on left wing,
measured normal to hinge line, deg
Derivatives:
aC,
C, lateral stability parameteaHB ,
(C|) -5 (C|) -
8_550 B_O,perdeg
oC,
C, directional stability paramete% ,
(Cla_—(Co_
- 8_550 TB=0 per deg
_ oC,,
CYB side-force paramete% ,
(Cy) .= (Cyy_
YB_550 YB_O!perdeg
Abbreviations:
MRC moment reference center
RCS radar cross section

Model Description

Four flying-wing models (three arrow-wing plan-
forms and one diamond planform) with leading- and
trailing-edge sweep angles of °6(fig. 2) were tested.
Given the relatively high sweep angle, initial sizing anal-
ysis indicated that arrow wings with aspect ratios

and the leading- and trailing-edge sweep angles, and this
wing had a resulting aspect ratio of 1.15. From a geomet-
ric point of view, the arrow planforms can be considered
to be built up from the diamond planform by the addition
of outboard panels having the same sweep angles as the
diamond planform (fig. 2). Flat plate models of the basic
planforms were constructed from 3/4-in. plywood, and
the leading and trailing edges were beveled &t laa#f-
angle. Table | shows the geometric characteristics for
each wing.

All four wings incorporated leading-edge flaps for
improved longitudinal characteristics and increased roll
stability at high angles of attack. The chord length of
these flaps was the same for all the wings, and the hinge
line was located along the wing leading-edge bevel line
(fig. 2). These flaps were tested at deflection angles
of 15°, 3¢, and 48. There were three sets of trailing-
edge flaps, designated inboard (IB), middle (MID), and
outboard (OB), on each wing for roll, pitch, and yaw
control (figs. 3 to 6). For the arrow wings, the chord
length of the trailing-edge flaps was 30 percent of the
distance between the leading and trailing edges on the
outboard section of the wing. For the diamond wing, the
trailing-edge flaps had the same chord length as those on
the arrow wing with the lowest aspect ratio (Wing 3).
The total trailing-edge flap area was approximately
18 percent of the wing area for each of the wings. The
trailing-edge flaps were deflected symmetricalhy8(°,

-15° 15°, and 30) for pitch control and differentially
(-15° and-30°) for roll control. Split deflection of these
flaps (to be discussed subsequently) was examined as a
means to provide yaw control.

To provide supplemental nose-down pitch control,
body flaps were tested using model parts constructed of
sheet metal (fig. 7). The body flaps were mounted on the
underside of the wing inboard of the trailing-edge flaps.
The inboard corners of the undeflected body flaps were
positioned on the centerline with their hinge line coincid-

between 2.0 and 3.0 could produce viable configurations.ing with the hinge line of the trailing-edge flaps (fig. 8).

As a result, aspect ratios of 3.0 (Wing 1), 2.5 (Wing 2),

A symmetric downward deflection of 69vas tested on

and 2.0 (Wing 3) were chosen for the arrow planforms gach wing. The sheet metal part modeled the bottom sur-

(figs. 3 to 5). Unlike the aerodynamic data that were non-

face of a beveled body flap (fig. 8). Because these mod-

dimensionalized with the entire planform area, theseg|s had a trailing-edge bevel half-angle 6f the 60

aspect ratios were computed by using the trapezoidaheng in the sheet metal part represented°aiéfection
areas shown in figure 2(b). For Wing 1, the three aftmosty the simulated beveled flap (fig. 8).

points on the planform extended back the same distance

(fig. 3). During formulation of the remaining planforms,

As noted previously, split deflections of the trailing-

the overall length was held constant, and the trapezoidakdge flaps to provide yaw control were tested. This con-
areas of Wings 2 and 3 were made approximately equatept involves a given flap separating into top and bottom

to that of Wing 1. Consequently, as aspect ratio washalves such that the top half deflects upward and the bot-
decreased on the arrow wings, the span was reduced anom half deflects downward. These deflections would be
the tip chord was increased to maintain approximately made on either the right wing or the left wing, thereby
the same trapezoidal area. The dimensions of the diaereating an unbalanced drag force and an associated yaw-
mond wing (fig. 6) were dictated by the overall length ing moment. During these tests, sheet metal pieces were
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mounted on the underside of the wing beneath the middleedge flaps. For Wings 2, 3, and 4, only the medium tails
or outboard trailing-edge flaps to represent the lower halfwere tested at the inboard location (fig. 15).

of a split deflection. The upper half was simulated by

deflecting the trailing-edge flap upward at the same angleTest Techniques and Conditions

(fig. 9). The tested deflection angles {389, and 83)
were measured similar to the body flap deflection angles.
For the arrow wings (Wings 1, 2, and 3), the split Langley 12-Foot Low—_Speed Tunnel. T_he model a_nd bal-
trailing-edge flaps were tested on the right wing. For the 1€ Were mounted in the test section on a sting and

diamond wing (Wing 4), the split deflections were tested C-strut arrangement (fig._ 16). Figures_ 1710 20 ShQW
on the left wing. photographs of the four wings mounted in the test section

with the wide top body attached. The tests were con-

: 2
Three top body shapes were tested on the upper surQlucted at a free-stream dynamic pressure of 4<|b/ft

face of each wing in conjunction with a single bottom \gggt‘( f(c?grrefsponwd.s tol aot;};i ;chyn;)ldsv\?umbgr of
body that covered the balance (fig. 10). A photograph ofo'96>< 16 1 O(N' lnsg d1 0'3x 16 1 (i/rv. 'ng 1d
the bodies is shown in figure 11. Some testing was done™* orwving s, andt. or YVing = base

without a top body, but the bottom body was always on on the mean aerodynamic chord Qf each wing. A six-
the wing to shield the balance from the airflow. The component, internally mounted strain gauge balance was

length and height of the top bodies were kept constant,used to measure the aerodynamic loads. The static force

but the width was varied to obtain the three top shapesand moment data were measured over an angle-of-attack

(wide, medium, and narrow). The resulting cross- :anlg; '?’L_Bdt? 4?) ?dnd I?veLaI S'%?Z;% ;acvg? oLS d
sectional shapes were semielliptical for the wide andt0 I Iet a&? alst reT-dF;ra Sisl tabilit eder;:/setiv
narrow bodies and semicircular for the medium body 0 caiculate the fateral-directional stability derivatives

(fig. 10). When installed, the front tip of the top bodies E)C!&v CnBt,hand tCY ) b3|’ mT:?ns of a I|rr11ear caI:;uIa'uon
was 5 in. (9.9 percent of the root chord) aft of the leading ctween these two angies. FIow upwash corrections were

edge of the wing, and the rear tip was the same distancngUde.d during the angle-of-attgck calibration, but no
forward of the w}ng trailing edge. The front tip of the corrections were made for flow sidewash, wall effects, or

bottom body was also 5 in. behind the leading edge, an&eSt section blockage.
the rear tip was 15.5 in. (30.7 percent of the root chord)
forward of the wing trailing edge.

The aerodynamic testing was performed in the

Results and Discussion

Three sets of vertical tails (small, medium, and Longitudinal Stability Characteristics

large) were tested (fig. 12). The planform of each tailwas  The longitudinal stability characteristics of the four
a 30-60°-90° triangle with the leading edge swept’60 flying wings are presented in the following figures.
(fig. 13). The tails were sized such that the large tail had

twice the area of the medium tail and four times the area Figure

of the small tail (table ). They were mounted in a twin Wing planform: ]

tail configuration with zero cant and toe angle, and were ~ 1OPPody off§ gp=0° ... 21
deflected as all-moving tails for directional control about Top body off & gp=45". . ... 22
a vertical axis located at one-half the vertical tail root ~ Wide top body ond ge=0°................... 23
chord. On some reduced-RCS aircraft (F-117, YF-22, ~ Widetop body ond gp=45.................. 24
and YF-23), the tails are canted to reduce their contribu-top podies:

tions to the total aircraft RCS. However, during this 8. g = 0°:

study, the tails were uncanted so that the maximum lev- WING L o oot e e e 25
els of directional stability and control available from the WING 2 . oot 26
triangular planforms could be determined. On Wing 1, all WING 3 o o oo e 27
three tails were tested at an inboard location, and only the WING 4 . oo oo 28
small tails were tested in an outboard location (fig. 14). 5 e = A5

The inboard location was longitudinally positioned so LEF\Ningi 29
that the aftmost point of the small tail was located over W|n9230
the hinge line of the inboard trailing-edge flap. The Wing 3 31
medium and large tails were mounted such that the rota- WING 4 o 32
tion point was in the same location as for the small tails. % """ 7 o rr e
The outboard location was longitudinally positioned so Leading-edge flap deflections:

that the aftmost point of the small tail was at the juncture Top body off:

of the hinge lines of the middle and outboard trailing- Wingl....... ... .. . . 33

4



WINg2 ... 34 mond wing, which did not have these outboard wing

WIing3 ... 35 panels, actually experienced a slight pitch-down at com-
Wing4 ... . 36 parable angles of attack.

Wide top body on:
Wingl ... 37 Top bodiesThe effect of the various top bodies
WINg2 ..o 38 (fig. 10) on the longitudinal characteristics of the differ-
WINg3 ... 39 ent wings is shown in figures 25 to 32. With the leading-
WINg4 ... 40 edge flaps undeflected, the models were tested with the

top body off and with the wide top body on (figs. 25 to
28). Adding the wide top body reduced lift for angles of
attack just below maximum lift, but the angle of attack
for maximum lift was slightly increased. Adding the

Vertical tails:
Medium tails, narrow top body od, g = 45°,
inboard location:

W!ng Lo 1 wide top body also resulted in a nose-down increment in
WINg2 ... pitching moment, and this effect was intensified with
W!ng 1 increases in wing aspect ratio.

Wing4 ... .

Tail size: With the leading-edge flaps deflected® 4the mod-
Wing 1, narrow top body oy g = 45°, els were tested with each of the three top bodies and with
inboard location .. ............. .. ... ... .. 45 the top body removed (figs. 29 to 32). In general, the

Tail location: effects of the top bodies f@j g = 45° were similar to,
Wing 1, narrow top body ol g = 45°, but smaller in magnitude than those dpgge = 0°. As the
smalltails .. ...t 46 width of the top body was increased, the nose-down

pitching-moment increment increased. These effects
Wing planform.Comparisons of the longitudinal were most noticeable for the higher aspect ratios.

characteristics of the four wings with various leading-
edge flap deflections and top bodies are presented in fig- Leading-edge flapsThe effect of deflections of the
ures 21 to 24. In general, the maximum lift coefficient for leading-edge flaps on the longitudinal characteristics of
these wings was about 1.1, which occurred at an angle ofhe different wings is shown in figures 33 to 40. Data are
attack of approximately 32 for the arrow wings  shown for the four planforms with the top body removed
(Wings 1, 2, and 3) and about°3®r the diamond wing  in figures 33 to 36 and with the wide top body on in fig-
(Wing 4). The lift curve slopes of the arrow wings (trape- ures 37 to 40. For the arrow wings, the data show some
zoidal aspect ratios of 3.0, 2.5, and 2.0) were similar andtypical effects of leading-edge flap deflections. Deflec-
higher than the lift curve slope of the diamond wing tions of these flaps increased the angle of attack for max-
(aspect ratio of 1.15). Consequently, the arrow wingsimum lift (ref. 5), but they resulted in lift losses at the
produced more lift at a given angle of attack than the dia-lower angles of attack, where they caused the flow to
mond wing for angles of attack below maximum lift. separate from the lower surface of the wing. On an actual

. . aircraft, these lift losses would be minimized by appro-
As mentioned previously, the moment reference cen- y app

. . i ~ . priately scheduling the leading-edge flap deflections with
ters were chosen so that each configuration with the Wldegngle of attack. For the diamond wing, leading-edge flap

top body on (fig. 23) would have neutral longitudinal sta- deflections generally degraded lift throughout the tested

\?Vig% 3;323':0;31: ?E:C;rrr;\e/&al&i(?\vgsgxﬂa:ir(]e?]cceo dngorl)?tch_angle-of-attack range because they most likely reduced
up for angles of attack between*lnd 20 (depending any vortex lift that the diamond wing was experiencing.

on planform and leading-edge flap deflection), that The most significant longitudinal effect of deflecting
became larger as the aspect ratio was increased. For thedlee leading-edge flaps was an expected reduction in the
planforms, larger aspect ratios were obtained by addingpitch-up that occurred over a large range of angle of
outboard wing panels of increasing size to the basic dia-attack on each of the wings. Leading-edge flap deflec-
mond shape. Previous studies have shown that the onseions reduced the pitch-up by improving the flow over
of separation on the outboard portions of swept wingsthe upper surfaces of the wings at the higher angles of
can result in a pitch-up (refs. 3 and 4), and that theseattack and thereby reducing the tendency of the flow to
effects will be more pronounced when the outboard por-separate. As a result, the onset of separation on the out-
tions of the swept wings are located farther behind theboard portions of the wings occurred at a higher angle of
moment reference center. For these reasons, the wingattack, and the pitch-up was delayed.

with the higher aspect ratios were more susceptible to

pitch-up effects because the outboard portions of the  Vertical tails.Figures 41 to 44 show the effect of
wings were larger and further aft. In contrast, the dia-the twin medium vertical tails (figs. 13 to 15) on the

5



longitudinal characteristics of the four configurations Wing3 ... 61

with the narrow top body on and the leading-edge flaps Wing4 .......... . 62

deflected 45. Adding the medium vertical tails reduced Outboard trailina-edae flaps:

lift coefficient near maximum lift for each of the wings. Wing 3 'dgt gb d P rt") 45 63

This lift reduction was possibly due to the tails interfer- INg 5, wide top body o gp =497 .. ... . ..

ing with the leading-edge vortical flow on the wing upper Maximum nose-down control:

surfaces, causing these vortices to burst earlier. A flow  Wing 1, wide top body o gg=0°.......... 64

field investigation (flow visualization, laser Doppler Wide top body ond, g = 45°:

velocimeter, pressure measurements, etc.) would be Wingl ...t 65

required to make this determination. WIing2 ... 66
The effects of changes in tail size were tested on WING 3 .. 6/

Wing4 ... . 68

Wing 1 by mounting the different tails at the inboard
location (figs. 13 and 14). As shown in figure 45, all
three tails reduced lift coefficient near maximum lift, and
this effect was intensified as vertical tail size increased.

Inboard trailing-edge flapsThe longitudinal con-
trol effectiveness of symmetric deflections of the inboard
trailing-edge flaps is presented in figures 47 to 52. For

In addition to the inboard location, the small vertical many of the cases, trailing-edge-down deflections (sub-
tails were also mounted in an outboard location onsequently called nose-down deflections because they
Wing 1 (fig. 14). Figure 46 shows the effects of the loca- produce nose-down pitching-moment increments) were
tion of the small tails on the longitudinal characteristics. somewhat more effective than trailing-edge-up (nose-up)
The small tails did not result in as large a reduction in lift deflections at the lower angles of attack. In contrast, the
in the outboard location as they did in the inboard loca- nose-down effectiveness was reduced to negligible val-
tion. If the tails were interfering with the leading-edge ues at the higher angles of attack, where the nose-up
vortices on the wing upper surfaces, this result would deflections became more effective. These results indi-
indicate that moving the tails outboard would position cated a potential pitch-up problem for some of these con-
them farther from the paths of the vortices, thereby figurations. The aforementioned conditions can result in

diminishing their effects on these vortices.

Longitudinal Control Characteristics

The longitudinal control characteristics of the four
flying wings are presented in the following figures.

Figure
Inboard trailing-edge flaps:
Wing 1, top body offp, gg = 45°
Wing 1, wide top body o gg = 0°
Wide top body ond, gg = 45°:

49
51

Middle trailing-edge flaps:
Wing 1, top body offp, g = 45°
Wing 1, wide top body o g = 0°
Wide top body ond, g = 45°:

55
56
57

Inboard and middle trailing-edge flaps:
Wide top body ond, gg = 45°:

59
60

a deep stall, stable trim condition (fig. 47) where ade-
guate nose-down control is not available for recovery
(hung stall). The lack of linearity of these controls with
deflection angle is illustrated in the intermediate deflec-
tion angles shown in figure 49 for Wing 1 where & 15
deflection provided almost as much control effectiveness
as a 30 deflection. A comparison of figures 47 and 49
indicates that adding the wide top body to Wing 1
reduced the effectiveness of the inboard trailing-edge
flaps for angles of attack up to maximum lift. This result
is thought to occur because the wide body, located in
front of the inboard trailing-edge flaps (fig. 10), inter-
fered with the flow over the flaps and reduced their
effectiveness.

Middle trailing-edge flapsFigures 53 to 58 show
the longitudinal control effectiveness of symmetric
deflections of the middle trailing-edge flaps. Unlike the
inboard flaps, the nose-up and nose-down control effec-
tiveness of the middle flaps for the arrow wings was sim-
ilar at the lower angles of attack. At lower angles of
attack, nose-down deflections of the middle flaps were
more effective than nose-up deflections for the diamond
wing. However, as with the inboard flaps, the nose-down
control effectiveness of the middle flaps was reduced to
small levels at the higher angles of attack for all the
wings. On Wing 1 (fig. 55), intermediate nose-up deflec-
tions of the middle flaps produced linear control effec-
tiveness, but nose-down deflections did not. For the



arrow wings with the wide body on, the middle flaps tested on Wing 3 only (fig. 63). The nose-down deflec-
(figs. 55 to 57) were more effective than the inboard tions became ineffective at a lower angle of attacR)(20
flaps (figs. 49 to 51) at angles of attack below abofit 24 than for any of the previously discussed flap deflections.
This is attributed to the larger size and longer longitudi- In contrast, the nose-up deflections remained effective
nal moment arm of the middle flaps. In contrast, the mid- over the entire test angle-of-attack range, and the nose-up
dle flaps on the diamond wing were not as effective ascontrol effectiveness was linear with deflection angle. At
the inboard flaps, despite their similar size, because theangles of attack below about®24he outboard flaps were

moment arm of the middle flaps was shorter. more effective than the inboard flaps (fig. 51) but not
quite as effective as the middle flaps (fig. 57). These
Inboard and middle trailing-edge flapghe longi- results were due primarily to the relationship between

tudinal control effectiveness produced when the inboardflap area and moment arm for the three control surfaces
and middle trailing-edge flaps were deflected symmetri- (fig. 5).

cally is shown in figures 59 to 62. The nose-up control

effectiveness and the nose-down control effectiveness Maximum nose-down controlln - addition to the
produced by the multiple deflections were fairly similar trailing-edge flaps, each configuration also had body
at the lower angles of attack for the arrow wings. How- flaps on the bottom surface of the wing (fig. 8) that were
ever, as noted previously for the individual deflections, intended to provide supplemental nose-down pitch con-
the nose-down control was reduced at the higher angledrol. The body flaps were tested in combination with
of attack. On Wings 2 and 3, intermediate multiple nose-down deflections of the trailing-edge flaps, and the
deflections showed that the nose-up control was lineardata are presented in figures 64 to 68. Small nose-down
with deflection angle. However, the nose-down control Pitching moments were obtained by deflecting the body
was not linear, and most of the available effectivenessflaps down 69. These increments were nearly constant
was generated by the %l8eflection. This indicates that OVer the test angle-of-attack range. The outboard trailing-
large downward flap deflection angles most likely caused €dge flaps provided additional nose-down increments for
the flow over the upper surfaces of the flaps to separatethe arrow wings at the lower angles of attack. For the
reducing their effectiveness. As noted previously for the diamond wing, a positive (nose-down) deflection of the
individual flap deflections on the diamond wing, the outboard trailing-edge flaps actually produced a small
nose-down control was higher at the lower angles ofnose-up pitching-moment increment. Because isolated

attack, and the nose-up control was greater at the highepymmetric deflections of the outboard trailing-edge flaps
angles of attack. were not tested on the diamond wing, the cause of this

result is unknown.

The longitudinal control effectiveness produced by
multiple deflections of the inboard and middle trailing- Lateral-Directional Stability Characteristics
edge flaps was not very large, despite the movement of a L . -
significant portion of the total wing area allocated for Th? Iate_r al-directional stab|l_|ty characte_r Istics of the
controls. Even so, if the longitudinal stability of Wings 2, four flying wings are presented in the following figures.
3, and 4 was decreased slightly, these wings could be Figure
statically trimmed up to maximum lift. For Wing 1 to be Sideslip:
trimmable up to maximum lift, a slight increase in stabil-

ity would be required to eliminate the hung stall trim Wing 1, wide top body on:

point @ = 44°). If dynamic factors are considered, more O g = OO’ IQW angles of attack ... 69
pitch control power may be needed to provide these S er = 0°, high angles of attack. . ......... 70
wings with a control margin for use during situations O gF = 45, low angles of attack .......... 71
such as maneuvering or countering turbulence (ref. 6). O gr = 45, high angles of attack. . ........ 72
An additional limit on the trim capability of these wings Wing 2, wide top body on:
may be imposed by the need to budget the amount of flap S gr = 0°, low angles of attack . .......... 73
deflection available fc_Jr each type of control (pitch, roll, 8.er = 0°, high angles of attack. . . . . ... ... 74
o yau) | some porton of he (ol ap aue MUSLS 5y =.a5, lowangles of atack .. s
available for pitch control will be less than the maxi- _ Oer __45 , high angles of attack. . ... ... 76
mum, and the trim capability will be correspondingly Wing 3, wide top body on:
reduced. O gg = 0° low angles of attack . .......... 77
O ge = 0°, high angles of attack. ... ....... 78
Outboard trailing-edge flaps.Isolated symmetric O g = 45°, low angles of attack . ......... 79
deflections of the outboard trailing-edge flaps were O gg = 45°, high angles of attack. .. ....... 80



Wing 4, wide top body on: mediate angles of attack (1&C, and 32), where some

O gg = 0° low angles of attack. . ... ....... 81 portion of the wings was probably experiencing sepa-
O g = 0°, high angles of attack . . .. ....... 82 rated flow, the variations in the lateral-directional coeffi-
O gr = 45°, low angles of attack. . .. ....... 83 cients with sideslip were nonlinear. When the leading-
O gg = 45°, high angles of attack . . . .. .. ... 84 edge flaps were deflected 45he flow over the wings

was most likely improved at the intermediate angles of

Wing planform: attack, and the lateral-directional coefficients became

%p gggy gg’g'-EF _ 250 """""""""" gg more linear at angles of attack ofl#hd 20. Deflecting
Wige togbodngrFlé _ge T 87 the leading-edge flaps caused an expected separation of
Wide top body onéLEF Cam T 88 the flow from the lower surfaces of the wings at very low
LEF = 7 e e e e angles of attack, which accounted for the small non-
Top bodies: linearities in the lateral-directional coefficients at an
O gg=0% angle of attack of 0
Wingl ........ .. 89
w:zg g """""""""""""""" gg Wing planform. Comparisons of the lateral-
ING'S v directional stability characteristics (computed between
V\ilng:l """""""""""""""" 92 sideslip angles of0and 5) of the four wings with vari-
OLeF =45 ous leading-edge flap deflections and top bodies are pre-
W!ng LR R R R R RER R 3 sented in figures 85 to 88. Note that the data are for the
W!ng 2 94 configurations without vertical tails, and therefore each
W!ng B 95 of these wings possessed unstable or essentially neutral
Wing4d .....o.oovii 96 yalues of directional stability Gn, ) for most of the
Leading-edge flap deflections: angles of attack tested.
Top body off:
Wingl ........... .. 97 Each of the wings was laterally stable (nega(D([ga )
WINg2 ... 98 at the lower angles of attack and at the higher angles of
Wing3 ... . 99 attack above maximum lift, but most of these configura-
Wing4 ... ... 100 tions exhibited significantly reduced lateral stability in a
Wide top body on: region just below maximum lift. This phenomenon is a
Wingl ......... .. 101 well-documented characteristic of highly swept wings
WINng2 ... 102 that is due primarily to asymmetric breakdown of the
Wing3 ... 103 wing leading-edge vortices at sideslip conditions (ref. 7).
Wing4 ... 104 At angles of attack below approximately &nd above
Vertical tails: approximately 40, the lateral stability was only slightly

affected by changes in wing planform. However,
between these angles of attack, changes in wing plan-
form caused large variations in lateral stability that were

Medium tails, narrow top body od, g = 45°,
inboard location:

WIng L ... 105 dependent on the top body and on the leading-edge flap
W!ng 2 106 deflection. In fact, many of the arrow-wing configura-
Wing 8 107 tions exhibited a region of lateral instability of significant
. W'”Q Al 108 magnitude somewhere within this range of angle of
Tail size: . attack. In contrast, the diamond wing was laterally stable
Wlng L, narrow top body o gr = 45", for almost all the positive angles of attack tested. In gen-
. mboa_rd I_ocahon """"""""""" 109 eral, the diamond wing was the most laterally stable of
Tail Io_catlon. . the four wings. These results indicate that the outboard
}s/\r/:;glll tle,l"r;arrow top body oy g = 45, 110 panels added to the basic diamond planform to create the

arrow wings contributed to the lateral instabilities.

Sideslip.The lateral-directional force and moment
coefficients of the four wings with the wide top body on Top bodiesThe effect of the various top bodies
are presented in figures 69 to 84 as a function of sideslip(figs. 10 and 11) on the lateral-directional stability char-
at various angles of attack and leading-edge flap settingsacteristics of the four wings is shown in figures 89 to 96.
When the leading-edge flaps were undeflected, the coefWith the leading-edge flaps undeflected, the wings were
ficients were generally a linear function of the sideslip tested with the top body off and with the wide top body
angle at angles of attack of,@ 2, and 48. At the inter- on (figs. 89 to 92). Each of the top bodies (wide,
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medium, and narrow) was tested on the wings when theactual aircraft, thereby minimizing this detrimental
leading-edge flaps were deflected 4figs. 93 to 96). effect. (See “Leading-edge flaps,” p. 5.)

~ When the leading-edge flaps were undeflected, addi-  \grtical tails. The effect of the twin medium vertical
tion of the wide top body reduced directional stability tais (figs. 12 to 15) on the lateral-directional stability
for most of the angles of attack tested with the largestcnaracteristics of the four wings with the narrow body on
stability loss occurring at angles of attack between is shown in figures 105 to 108. Use of the narrow body
approximately 20and 40. When the leading-edge flaps  for the tails-on testing enabled the tails to be deflected
were deflected, the effects of the wide top body on thehyough larger angles before they interfered with the
directional stability of the arrow wings were greatly body. The leading-edge flaps were deflectetl {5 all
reduced. the tails-on testing.

Adding the wide top body also significantly reduced Adding the medium tails caused an expected
lateral stability for all four wings when the leading-edge increase in directional stability on each of the four wings
flaps were undeflected. The resulting reductions in lat- that was relatively invariant at angles of attack below
eral stability were particularly high for angles of attack approximately 42 The effect of the tails on lateral sta-
between 18and 40. When the leading-edge flaps were pjlity was more varied. Even though they produced side
deflected 45, the wide and medium bodies produced forces and yawing moments, adding the tails did not sig-
minimal changes in lateral stability, but adding the nar- nificantly change the lateral stability of the arrow wings
row top body resulted in a region of lateral instability at at angles of attack below 31igs. 105 to 107). The pres-
angles of attack between approximately 28d 40 for ence of the vertical tails probably caused an induced load
all four wings. The changes in lateral and directional sta-on the aft sections of the wing because of an end plate
bility produced by the various bodies indicated that the effect (ref. 8). This induced load would result in a rolling
top bodies affected the separation patterns of the flow onmoment in the opposite direction to the rolling moment
the upper surfaces of the wings. generated by the vertical tails in sideslip. Because these

two rolling moments are typically of similar magnitudes,

Leading-edge flapsThe effect of leading-edge flap they tend to cancel each other; so adding the tails has
deflections on the lateral-directional stability characteris- minimal effect on the lateral stability at the lower angles
tics of the four wings is shown in figures 97 to 104. Data of attack. For the diamond wing (fig. 108), the vertical
are shown for the four planforms with the top body tails increased lateral stability at these lower angles of
removed in figures 97 to 100 and with the wide top body attack. The tails produced larger changes in lateral stabil-
on in figures 101 to 104. With the top body off, leading- ity on this wing because the induced loads were most
edge flap deflections had minor effects on directional sta-likely smaller on the diamond planform. At angles of
bility for all four planforms. With the wide top body on, attack between 28nd 40, adding the tails significantly
leading-edge flap deflections reduced directional insta-reduced lateral instability for all the wings. This lateral
bility for angles of attack between approximately’ 20 instability was shown previously to exist when the nar-
and 36. row body was used. These beneficial lateral stability
effects could possibly be attributed to a favorable inter-
ference effect produced by the vertical tails. The tails
were most likely obstructing any vortex flow on the
upper surfaces of the wings at the higher angles of attack,
and they thereby improved the lateral stability by causing
a more symmetric bursting of these vortices. This
premise is supported by the previously discussed losses
in maximum lift that resulted when the vertical tails were
added to the wings (figs. 41 to 44).

For both the body off and the wide body on, deflec-
tions of the leading-edge flaps generally improved lateral
stability at the intermediate angles of attack. These
improvements consisted of a reduction in the maximum
level of lateral instability, a decrease in the range of
angle of attack where the instability occurred, or an
increase in the angle of attack where the configuration
became unstable. As a result, most of the arrow wing
configurations with the wide body on were laterally sta-
ble throughout the angle-of-attack range when the maxi-  Three tail sizes with similar planforms were tested at
mum leading-edge flap deflection (35was used. In  the inboard location on Wing 1 (figs. 12 to 14).
general, these improvements increased with increases ifrigure 109 shows the effects of tail size on the lateral-
deflection angle. The diamond wing was laterally stable directional stability characteristics. As would be
throughout the angle-of-attack range with and without expected, adding the small tails provided a slightly
the wide top body on. At the lower angles of attack, smaller increase in directional stability than adding the
leading-edge flap deflections actually reduced lateral sta-medium tails. The large tails produced larger side forces
bility for some of the configurations. Deflections of these but provided only minimal increases in directional stabil-
flaps would be scheduled with angle of attack on anity compared with the medium tails for most of the
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angles of attack tested. The reason for this result was nothe diamond wing, a region of increased effectiveness
determined during this study. Because of the inducedoccurred at angles of attack just below maximum lift.
effects previously discussed, changes in tail size did notThe largest levels of low-angle-of-attack roll-control
affect lateral stability at the lower angles of attack. At the effectiveness were produced by the relatively large mid-
higher angles of attack, changes in tail size did not signif-dle flaps on Wings 1 and 2. As aspect ratio was
icantly alter the ability of the tail to produce a favorable decreased, the size of the middle flaps on the arrow
vortex-interference effect, and each set of tails producedwings was reduced, and the outboard flaps were made
similar reductions in the lateral instability between larger. As a result, the roll-control effectiveness of the
angles of attack of 28&nd 40. outboard trailing-edge flaps on the arrow wings was
increased by decreasing the aspect ratio. The outboard
flaps on the diamond wing (Wing 4) were very effective,
and they produced the largest roll-control increments of
any of the single flap deflections. The roll control could
be increased by deflecting more than one set of trailing-
edge flaps, and on some of the configurations the inboard
and middle trailing-edge flaps were deflected in combi-

As discussed previously, the small vertical tails were
mounted on Wing 1 in both inboard and outboard loca-
tions (fig. 14). Figure 110 shows the effect of the loca-
tion of the small tails on the lateral-directional stability
characteristics of Wing 1. At the inboard location, the
small tails provided a greater increase in directional sta-

bility than in the outboard location for most of the_ angles nation. For Wing 1, intermediate deflections were tested
of attack tested, even though the outboard location had %figs 115 and 1lé) These data suggest that the roll-

Itﬁg%ﬁ)r dg(f;:ﬁlgnaltE(;TdePtczmhTh;s '; p:obal;lz b.ezaf;saecontrol effectiveness produced by the inboard flaps was
W outbo ocation was more spanwis Monlinear with deflection angle.

the flow at the inboard location, and this spanwise com-
ponent of the flow reduced the effectiveness of the tails On the arrow wings (Wings 1, 2, and 3), differential

in the o_utbqarq_locatlo_n. In the outboard '0‘??“'0”' the deflections of the inboard and outboard trailing-edge
small tails significantly increased lateral stability at the flaps yielded very small yawing moments that were pre-
angles of attack betweenland 32. dominantly proverse. However, deflections of the middle
trailing-edge flaps produced adverse yawing moments
that began at an angle of attack of approximatelsgnt
The lateral control characteristics of the four flying Persisted to the maximum angle of attack tested. For the
wings are presented in the following figures. diamond wing (Wing 4), all the trailing-edge flap deflec-
. tions produced small proverse yawing moments. These
Figure results show that the flaps with a forward-swept hinge

Lateral Control Characteristics

Inboard, middle, and outboard trailing-edge flaps: line (inboard and outboard flaps on Wings 1, 2, and 3 and
Wide top body ond, gr = 45°: all flaps on Wing 4) produced predominantly small prov-
Wingl ... 111 erse yawing moments, but flaps with a rearward-swept
WINg2 ... 112 hinge line (middle flaps on Wings 1, 2, and 3) produced
Wing3 ... 113 significant adverse yawing moments. For this reason, dif-
Wing4 ... 114 ferential deflection of the outboard flaps is an attractive
Wing 1, inboard trailing-edge flaps. .. ........ 115 candidate for primary roll control. Also, these flaps were
Wing 1, middle trailing-edge flaps . .......... 116 marginally effective at producing pitch control, and
) using them exclusively for roll control would not signifi-
Wing 1, top body offp, gg = 45°: cantly diminish the pitch control of the configuration.
Comparison of inboard, middle, and outboard
flaps ................................... 117 Figure 117 shows a Comparison of differential

; ; — - deflections of the various trailing-edge flaps on Wing 1
WIngghvgfr?sgonpolzoig)b/ooar%i:nd (r)niddle trailing- with the top body off. Comparisons of this data with the
edgeflaps. . ... ... 118W|de-body-on data (fig. 111) show th‘?t the primary
effects of the body on roll-control effectiveness were a

The lateral controls tested on these wings consistedreduction in the effectiveness of the middle flaps and a
of differential deflections of the inboard, middle, and slight increase in the effectiveness of the inboard flaps at
outboard trailing-edge flaps. Figures 111 to 116 show thethe intermediate angles of attack. The middle flaps may
lateral control effectiveness of the various trailing-edge have become less effective because of reduced flow over
flaps for each of the wings with the leading-edge flap these flaps resulting from a channeling of flow around
deflected 45 and the wide top body on. For the arrow the body away from the inboard flaps, and the inboard
wings, the roll-control effectiveness of a given flap was flaps may have become more effective because they were
relatively invariant with change in angle of attack. For no longer shielded by the wide body.
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A comparison of differential deflections of the downward at the same angle, and they would be
inboard and middle trailing-edge flaps on Wing 1 with deflected on only one wing at a time. The resulting
the wide body on and the leading-edge flaps undeflectedgeometry would result in an unbalanced incremental drag
is shown in figure 118. Comparisons of these data withforce on the wing that would produce an associated yaw-
the data when the leading-edge flaps were deflected 45ing moment. The all-moving twin vertical tails were
(fig. 111) show that the primary effect of leading-edge deflected about an unswept hinge post located at the mid-
flap deflections on the roll-control effectiveness of the point of the tail root chord.
middle flaps was a small decrease in effectiveness at the
lower Qngles of attack. This decrease in .eﬂ:ectiveness Sp“t trai”ng-edge ﬂaps]'he control effectiveness
most likely resulted because a large leading-edge flapof split deflections of the outboard trailing-edge flaps for
deflection actually induces the flow to separate from the each of the wings with the wide top body on and the
lower surface of the wing at the lower angles of attack, |eading-edge flaps deflected % shown in figures 119
thereby degrading the flow over the ailerons. As dis-to 122. Note that the right flaps were deflected on
cussed previously, this effect could be minimized by wings 1, 2, and 3, and the left flaps were deflected on
appropriately scheduling the leading-edge flaps with \ing 4. Split deflections of the outboard flaps produced

angle of attack. negligible yawing moments that were sometimes oppo-
o o site to those that would be expected to be generated by
Directional Control Characteristics the drag of the split flaps. This result was due to the
The directional control characteristics of the four fly- Strong influence of side force on the yawing moments
ing wings are presented in the following figures. produced by these deflections (fig. 133). The forward

) sweep of the hinge line on the outboard surfaces caused
Figure these surfaces to function as a left rudder deflection when

Split trailing-edge flaps: deflected on the right wing. For this reason, deflections
Wide top body ond, g = 45: of an aft surface with a forward-swept hinge line pro-
Outboard flaps: duced rudder-like side forces that generated yawing
Wingl.............oooon 119 moments opposite to the yawing moments generated by
W!ng 2. 120 the drag of the device, resulting in a lower net yawing
Wing3.......cooviii 121 moment. For most of the angles of attack tested, split
S Wing 4. 122 deflections of the outboard flaps also produced rolling
Middle flaps: moments that were due to a spoiler-like loss of lift on the
Wlng 1. 123 W|ng on which the ﬂaps were deflected.
Wing2. ... 124
Wing3............ .. . . 125 Figures 123 to 126 show the control effectiveness of
Wing4d........... .. . . . 126 split deflections of the middle trailing-edge flaps for each

of the wings with the wide top body on and the leading-
edge flaps deflected 45As with the outboard flaps, the
right middle flaps were deflected on Wings 1, 2, and 3,

Medium vertical tails:
Inboard location, narrow top body on,

3\'751'29_145 ' and the left middle flap was deflected on Wing 4. The

Wing 2 :128 rearward sweep of the hinge line of_the mid_dle flaps on

WING 3 oo 12 V_Vlngs 1, 2_, and 3 caused the_se split deflections to func-

Wing 4 130 tion as a right rudder deflection when deflected on the
""""""""""""""" right wing and vice versa (fig. 133). For this reason, split

Tall size: deflections of the middle flaps on these wings produced
Wing 1, inboard location, narrow top side forces that generated yawing moments in the same
body ond® gp=45. ... ... ... ... 131 direction as those generated by the drag of the split flaps,
Tail location: resulting in h_igher net Ievels_ of yaw-control effectiveness
Wing 1 émall tails, narrow top body on that_ were fa_lrly constant with angle of attack. The data
BLer = ;150 ....... T o 132 for intermediate deflections on Wings 2 and 3 show that

the yaw-control effectiveness was linear with deflection
Two types of directional controls, split trailing-edge angle for angles of attack below approximately, 2hd
flaps (fig. 9) and vertical tail deflections (figs. 12 to 15), the —39° deflection accounted for the majority of the
were tested on these models. As discussed in the secticavailable effectiveness at angles of attack above 24
“Model Description” (p. 3), the split trailing-edge flaps Split deflections of the middle flaps produced proverse
were designed to separate into a top half that wouldrolling moments on Wing 1 and very small adverse
deflect upward and a bottom half that would deflect rolling moments on Wings 2 and 3. In general, split
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deflection of the middle flaps produced much higher mum deflection angles. Because of the differences in
yawing moments than comparable deflections of the out-available deflection capability, changes in tail size did
board flaps. Therefore, split deflection of the middle not significantly change the ability to produce control
flaps is an attractive candidate for yaw control for the moments with vertical tail deflection.

arrow wings. The effect of tail location on the control effective-

Because of a larger side-force moment arm, split ness of a30° deflection of the small tails on Wing 1 is
deflections of the forward-swept middle flaps on Wing 4 shown in figure 132. Comparisons of these data show
produced larger yawing moments than those produced bythat moving the tails outboard increased the yaw-control
the outboard flaps. However, these deflections of the lefteffectiveness produced by the small tails at angles of
middle flaps actually produced a right yawing moment, attack below 1& This result was predominantly attrib-
which is opposite to what would be expected to be gener-uted to an increase in moment arm about the yaw axis.
ated by the drag of the split flaps. As with the outboard Above 16 angle of attack, the yaw-control effectiveness
flaps, the middle flaps produced adverse rolling momentsat the outboard location began to decrease, and a control
on Wing 4 because of a similar spoiler-like effect on the reversal occurred at an angle of attack ¢f 22 the out-
wing on which they were deflected. board location, deflection of the small tails produced

adverse rolling moments at all angles of attack. In con-

Vertical tails.Figures 127 to 130 show the control trast, proverse rolling moments were produced at low
effectiveness of the twin medium vertical tails at the angles of attack when the tails were positioned at the
inboard location on each wing with the narrow top body inboard location.
on and the leading-edge flaps deflected. 4bhe tall
deflection shown corresponds to the maximum deflection Conclusions
that could be achieved before the tails interfered with the
narrow top body. For the arrow wings, the yaw-control
effectiveness was small and was relatively invariant for
angles of attack below 16 As angle of attack was
increased above 16the yaw control gradually decrease
as the tails became shielded by the wing and body, an
the yaw control was negligible at angles of attack above
approximately 36 For the arrow wings, the tails were
less effective at providing yaw control than were split
deflections of the middle trailing-edge flaps. For the dia-
mond wing, the yaw-control effectiveness at angles of . )
attack below 3Dwas substantially larger than that for the one diamond planform were tested. The models incorpo-

other wings, but this control effectiveness also decreasedated Ieacjm_g-edge flaps for |m_proved pitching-moment
at the higher angles of attack. The larger yaw control pro_characterlstlcs and lateral stability and had three sets of

duced on the diamond wing was partially due to the trailing-edge flaps that were deflected differentially for

moment reference center being farther forward, creating;onrfont;oh symmetrtlcalllly_/rfor E'tgh conftrtohl, and !gtﬁ split d
a longer directional moment arm. For the diamond wing, ashion for yaw control. 10p bodies of three widths an

deflections of the twin vertical tails were much more twin vertical tails of various sizes and Iocatﬁons were also
effective for yaw control than were the split trailing-edge testeq on each model. A large aerodynamic database was
flaps at angles of attack up to°3®or this reason, verti- compiled that could be used to evaluate some of the
cal tail deflection is an attractive candidate for yaw con- trade-offs involved in the design of a configuration with
trol on the diamond wing. For all four wings, vertical tail a reduped RCS and goqd ﬂ|ght Qyngmlc characteristics.
deflections produced large adverse rolling moments at-l.-he primary res.ults of this investigation may be summa-
angles of attack between approximately &6d 40. At rized as follows:

low angles of attack, however, small proverse rolling 1. The maximum lift coefficient of the four wings
moments were measured for the arrow wings, andwas approximately 1.1. This value occurred at an angle
adverse rolling moments were measured for the diamondbf attack of 32 for the arrow wings and S6or the dia-
wing. mond wing.

A wind-tunnel investigation was conducted in the
Langley 12-Foot Low-Speed Tunnel to study the low-
speed stability and control characteristics of a series of
d four flying wings over an extended range of angle of
@ttack. Because of the current emphasis on reducing the
radar cross section (RCS) of new military aircraft, the
planform of each wing was composed of lines swept at a
relatively high angle of 60 and all the trailing-edge
lines were aligned with one of the two leading edges.
Three arrow planforms with different aspect ratios and

The effect of changes in tail size on the control effec- 2. Without vertical tails, each of the wings exhibited
tiveness of maximum deflections of the vertical tails at neutral or unstable values of directional stability at most
the inboard location on Wing 1 is shown in figure 131. of the angles of attack tested. The configurations were
Because of geometric interference with the narrow toplaterally stable at low and very high angles of attack, but
body, increasing the size of the tails reduced the maxi-the arrow wings exhibited a region of lateral instability
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near maximum lift. In general, the diamond wing exhib- angles of attack below maximum lift, these deflections
ited the highest levels of lateral stability of the four produced rolling moments that were relatively invariant
wings tested. with angle of attack. Because the flap sizes varied as

. wing aspect ratio changed, the level of control produced
3. The outhoard wing panels that were added to the y each flap varied with wing planform. The roll control

basic diamond shape to create the arrow wings cause f a configuration could be increased by deflecting more

Do e e b s et o O S f ring-edge faps. The e Taps a
board panels became larger. Adding these outboard win pwept hinge Ilne) produced significant adverse yawing
. gi‘noments at higher angles of attack, and the outboard
laps (forward swept hinge line) produced very small
yawing moments. For this reason, the outboard flaps are
4. When the leading-edge flaps were undeflected,a more attractive candidate for the primary roll control
adding top bodies to the wings caused a small reductiorfor these wings.
in maximum lift and resulted in lower directional and
lateral stability. These effects were similar, but smaller
in magnitude, when the Ileading-edge flaps were
deflected 45. These results indicated that the top bodies ; - :
had a significant effect on the separation patterns on th¢Veré not effective. This is because the yawing moment
upper surfaces of the wings. prodyced by the side force on these flaps oppose_d the
yawing moment produced by the drag, resulting in a
5. Leading-edge flap deflections greatly improved lower net moment. For the arrow wings, the middle
lateral stability for all the wings. These improvements trailing-edge flaps were swept aft, and the yawing
included a reduction in the maximum magnitude of the moment from the side force and drag generated by these
instability and a reduction in the range of angle of attack flaps acted in the same direction, resulting in a large
over which the instability occurred. For the arrow wings, net yawing moment. Therefore, split deflection of the
leading-edge flap deflections improved the pitching- rearward-swept middle flaps is an attractive candidate for
moment characteristics by significantly reducing the yaw control for the arrow wings.

pitch-up.

sections was also the primary cause of the loss in latera
stability at intermediate angles of attack.

9. Split deflections of the middle and outboard
trailing-edge flaps were tested for yaw control. When
split, the forward-swept outboard trailing-edge flaps

- ) ) ) 10. Deflection of the all-moving twin vertical tails
6. The addition of vertical tails provided expected for yaw control was also tested. The vertical tails were
increases in directional stability and also improved lat- significantly more effective on the diamond wing than on
eral stability. the arrow wings at angles of attack below.3Bor the

7. The inboard and middle trailing-edge flaps were @row wings, the vertical tails produced smaller levels of
deflected symmetrically for pitch control on each wing. Yaw control than split deflections of the middle flaps. For
In general, these deflections produced relatively smallthe diamond wing, vertical tail deflection was much
increments in pitching moment. The control effective- More effective than the split trailing-edge flaps for angles
ness was more linear with deflection angle for nose-upOf attack up to 30 Therefore, vertical tail deflection is
control deflections than for nose-down deflections, and @0 attractive candidate for yaw control on the diamond
the nose-down effectiveness decreased at the higheWing. Large adverse rolling moments were created by
angles of attack (where it would be most needed to trimtail deflections for angles of attack near maximum lift.
an unstable aircraft). The combination of pitch-up and
reduced nose-down control resulted in a hung stall condi-
tion for some of the configurations. All the configura- NASA Langley Research Center
tions would require changes in longitudinal stability Hampton, VA 23681-0001
(e.g., movement of the center of gravity) to eliminate the April 27, 1995
hung stall and to achieve static trim at angles of attack up
to maximum lift. Also, additional control power may be References
needed to provide a control margin for use during

dynamic situations such as maneuvering or countering Speed Wind-Tunnel Investigation of the Stability and Control

turbUIen_Ce' An additiqnal limit on the trim capability of Characteristics of a Series of Flying Wings With Sweep Angles
these wings may be imposed by the need to budget the of 5. NASA TM-4640, 1995.

amount of flap deflection available for each type of con-

1. Fears, Scott P.; Ross, Holly M.; and Moul, ThomasLMdw-

trol (pitch, roll, or yaw). 2. Ross, Holly M.; Fears, Scott P.; and Moul, ThomasLdw-
) ) ) ) Speed Wind-Tunnel Investigation of the Stability and Control
8. Differential deflections of the middle and out- Characteristics of a Series of Flying Wings With Sweep Angles

board trailing-edge flaps were tested for roll control. For  of 7¢°. NASA TM-4671, 1995.
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Table I. Model Geometric Characteristics

Wing 1
Wing:
Area (reference), B, 1073.05
Area (trapezoidal), Lt 765.66
SPAN, N ettt 48.00
Mean aerodynamic chord, in.................ooeeiiciiviiinneeenn, 28.71
(2010 ] fe] g T0] (o T o TP TR 50.50
Tip ChOrd, iN. covveeeeiieeeee e 0
Aspect ratio (based on total planform)..............cccvveeeee. 2.15
Aspect ratio (based on trapezoidal area) ..........ccccece....... 3.00
Leading-edge sweep, deg .......coovcvvvrviiiiiiiiiiiieeeeeeeeeeeenn 60
Trailing-edge sweep, deg........eveevviieiiiieeeeiiiiiieiiiens 160
Dihedral, deg ......covvviiiiieie e 0
INCIAENCE, AEQ...uvuiiiiiie e 0
Moment reference centers:
Longitudinal (X-axis), percent ..........cccccecvvvvrvvreeeenennn. 36.83
Longitudinal K-axis, back from nose), in...................... 25.40
Vertical (Z-axis, below wing centerline), in.................. 1.87
Leading-edge flaps:
Ar€a (PEI SIAE), Moo 82.05
Span (Per Side), IN.. ... 18.95
ChOrd, N e 4.66
Trailing-edge flaps:
Inboard:
Area (Per SIde), M........ceeeeeeeeeeeeeeeeeeeeeeeres 26.08
Span (per Side), iN. ... 6.42
Chord, IN. e 5.35
Middle:
Area (Per Side), M........cvvveeeeeeeeeeeeeeeeeeeesses 50.42
Span (Per Side), IN.......uuviiiiieeeiiiieeeeeeee s 10.97
(@4 aTo] (o IR TR 5.35
Outboard:
Area (per Side), M........ccooveeeereeeeeeeeeeeeeenns 19.32
Span (per Side), iN. ... 5.16
Chord, iN. oo 5.35
Body flaps:
Area (per side), .o 14.72
Span (Per SIide), IN...cceeeeiiiiiciie e 4.72
Chord, IN. .. 5.35
Split trailing-edge flaps:
Middle:
Area (PEr SId), M.....vveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenen 50.42
Span (Per Side), IN. ... 10.97
Chord, iN. .o 5.35
Outboard:
Area (Per SId), M.......veeeeeeeeeeeeeeeeeeeeeeeeeeen 19.32
Span (per Side), IN. ... 5.16
Chord, iN. e 5.35

Wing 2

1032.87
768.26
43.82
29.80
50.50
0
1.86
2.50
60
+60
0
0

33.06
23.46
1.87

71.34
16.66
4.66

24.15
5.74
6.06

44.41
9.08
6.06

24.76
5.84
6.06

16.68
4.93
6.06

44.41
9.08
6.06

24.76
5.84
6.06

wing 3

974.88

768.43
39.20
31.25
50.50

1.58
2.00

32.00
22.14
1.87

59.18
14.05
4.66

18.95
4.72
7.12

35.77
7.08
7.12

34.20
6.86
7.12

19.61
5.24
7.12

35.77
7.08
7.12

34.20
6.86
7.12

wing 4

736.29

736.29
29.16
33.67
50.50

1.15
1.15
60

26.07
17.18
1.87

35.78
9.02
4.66

22.28
5.19
7.12

22.28
5.19
7.12

22.28
5.19
7.12

20.50
5.38
7.12

22.28
5.19
7.12

22.28

5.19
7.12
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Table I. Concluded

Wide top Medium top
Bodies:
Length, iN.....ccooveiiiiiiiiieeeee, 40.50 40.50
Width, in. ..o, 10.40 7.00
Height, in. .....ccccooeeeiiiiis 3.50 3.50
Large
Vertical tails:
ATEA, I 100.98
[R0T0) Ko a10] (o T o VAR 21.60
TP ChOId, IN. e 0
Height, iN. ..o 9.35
ASPECT FALIO. ...ttt 0.87
Leading-edge sweep, deg ........ccoececvvvniiiiiiiiiiieeee e e e e 60
Hinge line location, percent root chord ............cccccceeeeennes 50

16

Narrow top

40.50
4.60
3.50

Medium

50.47
15.27
0
6.61
0.87
60
50

Bottom

30.00
10.00
3.00

Small

25.27
10.80
0
4.68
0.87
60
50



Wind E==>

Figure 1. System of axes and angular notation.
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Wing 2

VAYAY,

Aspect ratio = 3.00 Aspect ratio = 2.50
v
— 075
< 233> ¥
Wing 3 Section A-A Wing 4
// 2\
2 O N\
Aspect ratio = 2.00 Aspect ratio = 1.15

(a) Control surfaces (shaded areas) and bevel lines (dashed lines).

Figure 2. Wing planforms.
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Wing 1 Wing 2

N

Aspect ratio = 3.00 Aspect ratio = 2.50
Wing 3 Wing 4
Aspect ratio = 2.00 Aspect ratio = 1.15

(b) Trapezoidal wing areas (shaded areas).

Figure 2. Concluded.
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Wing 1

? A A A
(5.79) (60°) (4 69)
v
21.04
25.40
Leading-edge 34.18
flap
36.29
50.5
Outboard ( )
trailing-edge {}
flap v
3 09 —v
3. 09 ‘
(2 69)
I
(2. 69)
8.93 @ 69) 7. 88
3.0é\/

Middle Inboard —3.42—
trailing-edge trailing-edge <« 1884
flap flap «——— 2400 ——»

Figure 3. Wing 1. Linear dimensions are in inches. Dimensions in parentheses are common for all wings. Shaded areas
indicate control surfaces.
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Wing 2

Leading-edge
flap

Outboard
trailing-edge

flap
3.53\/%

31
35.

37

37.95

‘ <

Middle Inboard <« 8.74—»>
trailing-edge trailing-edge
flap flap b 16.07
2191 >

Figure 4. Wing 2. All dimensions are in inches. Shaded areas indicate control surfaces.
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Wing 3

Leading-edge
flap

33.95

37.13

Outboard
trailing-edge

fl
ap 4.11»/\
X

Middle Inboard <« 7.72»
trailing-edge trailing-edge « 1274
flap flap « 1960 »

Figure 5. Wing 3. All dimensions are in inches. Shaded areas indicate control surfaces.



Wing 4

Leading-edge
flap

Outboard
trailing-edge —
flap

Middle
trailing-edge ——
flap

Inboard
trailing-edge —
flap

« 14.58—»‘

Figure 6. Wing 4. All dimensions are in inches. Shaded areas indicate control surfaces.
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Wing 1 ::i Wing 2 : : :
Wing 3 ::;; Wing 4 z: :i

I Body flaps (bottom surface)
[ 1 Spilit trailing-edge flaps (bottom surface)

Figure 7. Top view showing locations of undeflected body flaps and split trailing-edge flaps on bottom surfaces of
wings.
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Top view

Side view

/\

— —

\_\—/
Ao

Body flap pie

Wind ==

Body flap piece ——_\

Section A-A
(a) Typical body flap location and mounting for deflection angle 6f 8Baded area represents simulated flap.

Figure 8. Body flap locations, dimensions, and deflection angles.
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\ % : ky
Left 3.09 Wing 1 3.09 Right
60"A\ K M7+60°
«——550—»] «—— 550

Wing 2
«——550—>
Wing 3
«—551—*
Wing 4

576>

(b) Planforms of body flaps. All dimensions are in inches.

Figure 8. Concluded.



Top view

Side view
%

9 O B o
AVA\

Split trailing-edge flap piece5
Trailing-edge flap ——___
6

Wind == > T '{}i"")"‘)‘ '''''

Split trailing-edge flap piece —_§ \

Section A-A

(a) Typical split trailing-edge flap location and mounting for deflection angleof3taded areas represent simulated
upper and lower halves of split flaps.

Figure 9. Split trailing-edge flap locations, dimensions, and deflection angles.
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\% .

\ Middle \3.09 Wing 1
603" 'S
N 18.84 >|

> .

\ Middle 3.50 Wing 2
607"\
-~ 14.65 |

\ % .

Middle 4.11 Wing 3
607"\

- 10.05—*

\ Middle X4_11 ng4
60;/v \7

-~ 6.26 >

1
3.09 Outboard
/Asoo /

-~ 720>

1
3.50 Outboard
¥ 60°

——8.17—*>

;—
41 Outboard
/o
=

9.61—*

E\ Outboard \
R 603"

e 6.26*

(b) Planforms of split trailing-edge flaps. All dimensions are in inches.

Figure 9. Concluded.



Wide body

Medium body

20.50

(a) Wide and medium top bodies.

Figure 10. Top bodies and bottom balance cover. All dimensions are in inches.
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30

> ﬂ.u_r ‘
o
o

15.00

Narrow body

-

20.50

st

Bottom
view

w

Balance cover
(bottom body)

«—1.00

(b) Narrow top body and bottom balance cover.

Figure 10. Concluded.



Wide top body Medium top body Narrow top body Bottom body

Figure 11. Top bodies and bottom balance cover.

Large Medium

Figure 12. Large, medium, and small vertical tails.




32

Hinge
location

20° I
4 117

«~———1080—*

0.375
Section A-A

- 21.60

Large tail

- .
_ -7 Hinge
Iocalltion
|

7.63—»|

- 15.27 |

Medium tail

Y

Hinge location

<— 540—]

10.80—— ™

Small tail

Figure 13. Large, medium, and small vertical tails. All dimensions are in inches. Dashed lines indicate bevel lines.



Outboard
location

Small tail

Inboard
location

Small tail

+-10.25 >
(&) Small tails at outboard and inboard locations on Wing 1.

Figure 14. Locations for small, medium, and large vertical tails on Wing 1. All dimensions are in inches.
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<-10.25 ™

<-10.25*

Medium tail

Large tail

(b) Medium and large tails at inboard location on Wing 1.

Figure 14. Concluded.



Medium tail

<-10.25*

Medium tail

<-10.25*>
(a) Medium tails at inboard location on Wing 2 and Wing 3.

Figure 15. Inboard vertical tail locations for medium tails on Wings 2, 3, and 4. All dimensions are in inches.
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Medium tail

<+-10.25*
(b) Medium tails at inboard location on Wing 4.

Figure 15. Concluded.



Wind

Balance 25° wedge

Figure 16. Typical configuration mounted on sting and C-strut arrangement in wind-tunnel test section. Not to scale.
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8€

(&) Top view.

Figure 17. Wing 1 mounted in wind tunnel. Leading-edge flaps are deflected, trailing-edge flaps undeflected.



6€

(b) Three-quarter rear view.

Figure 17. Concluded.



017

Figure 18. Wing 2 mounted in wind tunnel. Leading-edge and trailing-edge flaps undeflected.



1474

Figure 19.

Wing 3 mounted in wind tunnel. Leading-edge and trailing-edge flaps undeflected.



[474

Figure 20. Wing 4 mounted in wind tunnel. Leading-edge and trailing-edge flaps undeflected.



0.2

Wing
o1
0.1 o2
A3
(]
0. 4
o——0
& Body: off
0.1 oy yany
\\?_/T Tail: off
0.2 Ser = O

All other controls = 0°

1.6

1.2

0.8 k

0.4

0.0

-0.49

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1

o, deg
m

Figure 21. Longitudinal characteristics of wing planforms with top body off.



0.2

Wing

ep> OO
IV

Body: off
Tail: off
= 45°

OLEF
All other controls = 0°

1.6

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
o, deg

Figure 22. Longitudinal characteristics of wing planforms with top body off and leading-edge flaps deflected.



0.2

1.6

1.2

0.8

0.0

-8 0 8 16 24 32 40 48

o, deg

Wing

ep> OO
IV

Body: wide
Tail: off
Ser =0

All other controls = 0°

-0.2 -0.1 0.0

m

0.1

Figure 23. Longitudinal characteristics of wing planforms with wide top body on.
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0.2

Wing
o1
0.1 o2
A 3
c o - o—0—=¢ ® 4
m \J
= 1 ['1 )
01 e 1 Body: wide
. \-\‘\T‘H Tail: off
02 S gp =M

All other controls = 0°

1.6

1.2

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
o, deg
m

Figure 24. Longitudinal characteristics of wing planforms with wide top body on and leading-edge flaps deflected.
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0.2

Body
O Off
0.1 5 O wide
OOg;—g——%ﬁbﬁ’ef ~
2 Wing: 1
0.1 Tail: off
Sgr =0
0.2 All other controls = 0°
1.6
1.2

0.8 \ 4

0.0

e
|

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1
o, deg

Figure 25. Effect of wide top body on longitudinal characteristics of Wing 1.
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0.2

Body
o Off
0.1 O Wide
0.0g By %
ot wing: 2
01 8 Tail: off
Ogr = O
02 All other controls = 0°
1.6
1.2
2
a/Egﬁ
0.8 D\\G é§ [g
0.4
0
0.0
: L
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0
o, deg
m

Figure 26. Effect of wide top body on longitudinal characteristics of Wing 2.
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0.2

Body
O Off
0.1 O Wide
0.01 S
3\\;3;} Wing: 3
01 Tail: off
Segr =0
0.2 All other controls = 0
1.6
1.2
0.8 \

0.4

0.0

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0
o, deg

Figure 27. Effect of wide top body on longitudinal characteristics of Wing 3.



0.2

Body

O Off
0.1 O Wide
0.0 Gt

Wing: 4
01 %\{ Tail: off

&—a Ser =0

02 All other controls = 0
1.6
1.2

0.4

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0

o, deg
m

Figure 28. Effect of wide top body on longitudinal characteristics of Wing 4.



0.2

Body
O Off
0.1 O wide
A Medium
== L ® Narrow
Cm 0
o1 Wing: 1
' Tail: off
o2 S ep = 40
All other controls = 0°
1.6
1.2
0.8 g
0.4 -
CL

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

o, deg
m

Figure 29. Effect of top body width on longitudinal characteristics of Wing 1 with leading-edge flaps deflected.
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0.2

Body
o Off
0.1 O Wide
A Medium
c 0 ® Narrow
. M
Wing: 2
-0.1 9
Tail: off
0.2 Segrp =
All other controls = 0°
1.6
1.2
0.8 A \ g
0.4
CL
0.0
-0.4
-0.8 |
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
o, deg
Cm

Figure 30. Effect of top body width on longitudinal characteristics of Wing 2 with leading-edge flaps deflected.



0.2

Body
o Off
0.1 O Wide
A Medium
c 0 ® Narrow
m
Wing: 3
-0.1 9
Tail: off
0.2 Segrp =
All other controls = 0°
1.6
1.2
0.8
0.4
CL
0.0
-0.4
-0.8 |
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

o, deg
m

Figure 31. Effect of top body width on longitudinal characteristics of Wing 3 with leading-edge flaps deflected.
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0.2

Body
o Off
0.1 O Wide
A Medium
c 0 ® Narrow
m
Wing: 4
-0.1 9
Tail: off
0.2 Segrp =
All other controls = 0°
1.6
1.2

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
o, deg
m

Figure 32. Effect of top body width on longitudinal characteristics of Wing 4 with leading-edge flaps deflected.
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0.2 5

LEF+ 989
O 0
O 15
A 30
® 45
m
Wing: 1
-0.1 g
Body: off
Tail: off
-0.2
All other controls = 0°
1.6
1.2

0.8 \

0.0

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
o, deg
m

Figure 33. Effect of leading-edge flap deflections on longitudinal characteristics of Wing 1 with top body off.
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0.2

S gr deg
o 0
0.1 O 45
Cm o_orﬁw L
o o+ 3\5;\ Wing: 2
0.1 Y OE—= Body: off
Tail: off
02 All other controls = 0°

7N\
) A %

0.0
)/ >

-0.4L

-0.8

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

o, deg
m

Figure 34. Effect of leading-edge flap deflection on longitudinal characteristics of Wing 2 with top body off.



0.2

8| g deg
o 0
0.1 O 45
C,. 00g—pef=—_0—0—0_0
m EQ\EJ\E\E}—E\E 8 Wing: 3
>—¢ Body: off
-0.1 1
Tail: off
-0.2 All other controls = 0°
1.6
1.2

AN |

0.4
C L S
¥ )f
0.0 i
P

F !

: / 1
-0.40 1
-0.8

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

o, deg
m

Figure 35. Effect of leading-edge flap deflection on longitudinal characteristics of Wing 3 with top body off.
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0.2

O g deg
o 0
01 O 45

Ch 0.0 Be=fSfffi—~t

D¢
*\Eg\é':.;\-\g\(\:\é Wing: 4
0.1 3 Body: off

£ N
Tt iwg Tail: off
02 3 All other controls = 0°
1.6
1.2

. yaan NP
_ N f“‘&

| a
il
3

o

0.0

-0.4

-0.8

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

a, de
g Cm

Figure 36. Effect of leading-edge flap deflection on longitudinal characteristics of Wing 4 with top body off.



0.2

O g deg
o o0
0.1 O 15
A 30
® 45
C:m
Wing: 1
-0.1 g
Body: wide
Tail: off
-0.2
All other controls = 0°
1.6
1.2
0.8 ®

T
/

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

o, deg
m

Figure 37. Effect of leading-edge flap deflections on longitudinal characteristics of Wing 1 with wide top body on.
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0.2 5

LEF 989
o 0
0.1 O 15
A 30
® 45
Wing: 2
Body: wide
Tail: off
-0.2
All other controls = 0°
1.6
1.2

0.8 &

L
0.0
-0.4
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
o, deg
m

Figure 38. Effect of leading-edge flap deflections on longitudinal characteristics of Wing 2 with wide top body on.
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0.2
O g deg
o o0
0.1 O 15
A 30
0 ® 45
C:m
Wing: 3
-0.1 g
Body: wide
Tail: off
-0.2
All other controls = 0°
1.6

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
o, deg

Figure 39. Effect of leading-edge flap deflections on longitudinal characteristics of Wing 3 with wide top body on.
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0.2

SLeF 9ed
° o0
0.1 O 15
A 30
® 45

Wing: 4

Body: wide
Tail: off

All other controls = 0°

1.6

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
o, deg
m

Figure 40. Effect of leading-edge flap deflections on longitudinal characteristics of Wing 4 with wide top body on.
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0.2

Vertical tail
O Off
0.1 O Medium
C, 0.0 (Gl ,,/EBA I~ Wing: 1
m e
Body: narrow
0.1 Tail location: inboard
Sgrp =%
02 All other controls = 0°
1.6
1.2
Paiin-N
)a/é?l g—=& \&
0.8 ‘/ \\a
0.4 F =
¢ L
0.0 /
/{ )
-0.4
G d
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

o, deg
m

Figure 41. Effect of medium vertical tails on longitudinal characteristics of Wing 1 with narrow top body on and
leading-edge flaps deflected.
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0.2

Vertical tail
O off
0.1 O Medium
c,.. 0.00 Wing: 2
m
w%;\ﬁ Body: narrow
0.1 §\f] Tail location: inboard
SLer = 4
02 All other controls = 0°
1.6
1.2

SaN

c 04

%
=

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
o, deg C

Figure 42. Effect of medium vertical tails on longitudinal characteristics of Wing 2 with narrow top body on and
leading-edge flaps deflected.
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0.2

Vertical tail
O Off
0.1 O Medium
c 0.0 Wing: 3
m O
Body: narrow
0.1 o) Tail location: inboard
Slgp = 4
02 All other controls = 0°
1.6
1.2

0.0

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

o, deg
m

Figure 43. Effect of medium vertical tails on longitudinal characteristics of Wing 3 with narrow top body on and
leading-edge flaps deflected.
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0.2

Vertical tail
O Off
0.1 O Medium
C 0.0g Wing: 4
m Body: narrow
0.1 Tail location: inboard
¢ S ep = 45
02 All other controls = 0°
1.6
12

peean ANED "

0.0
¢
-04
-0.8
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
a, deg
m

Figure 44. Effect of medium vertical tails on longitudinal characteristics of Wing 4 with narrow top body on and
leading-edge flaps deflected.
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0.2

Vertical tail
O Off
0.1 O Small
A Medium
® large
Cm 0
Wing: 1
01 Body: narrow
Tail location: inboard
02 ) = 45°
LEF ~
All other controls = 0°
1.6
1.2
0.8
0.4
¢ L
0.0 /
-0.4
[
-0.8 \
-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

o, deg

Figure 45. Effect of vertical tail size on longitudinal characteristics of Wing 1 with narrow top body on and leading-
edge flaps deflected.
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0.2 . .
Tail location

O Off
0.1 O Outboard
A Inboard

Wing: 1

Body: narrow

-0.1
Tail: small
-0.2 5LEF = 45°
All other controls = 0°
1.6
1.2

0.8

_ ?
. 1
ﬂ
|

o

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

o, deg
m

Figure 46. Effect of location of small vertical tails on longitudinal characteristics of Wing 1 with narrow top body on
and leading-edge flaps deflected.
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0.2

Bf,IB’ deg
o o
0.1 O -30
E ;\ A 30
c_ 0.0
m ). H—A— A —A—K Wing: 1
0.1 Body: off
Tail: off
-0.2 S g = 45°
All other controls = 0°
1.6
1.2
D
4% ah 4
0.8 K k£
/s /
A

e 4/ i A
0.0 £ Ay ’EL
z%y i

N
N

-0.4

-0.8

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2

o, deg
m

Figure 47. Control effectiveness of symmetric deflections of inboard trailing-edge flaps on Wing 1 with top body off
and leading-edge flaps deflected.
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0.2

0.1

1.6

1.2

0.8

c 04

0.0

-0.4

Figure 48. Control effectiveness of symmetric deflections of inboard trailing-edge flaps on Wing 1 with wide top body

on.
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Figure 49. Control effectiveness of symmetric deflections of inboard trailing-edge flaps on Wing 1 with wide top body
on and leading-edge flaps deflected.
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1.2

pa
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\
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-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
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Figure 50. Control effectiveness of symmetric deflections of inboard trailing-edge flaps on Wing 2 with wide top body
on and leading-edge flaps deflected.
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Figure 51. Control effectiveness of symmetric deflections of inboard trailing-edge flaps on Wing 3 with wide top body
on and leading-edge flaps deflected.
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Figure 52. Control effectiveness of symmetric deflections of inboard trailing-edge flaps on Wing 4 with wide top body
on and leading-edge flaps deflected.
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0.0 AV
/4
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Figure 53. Control effectiveness of symmetric deflections of middle trailing-edge flaps on Wing 1 with top body off and
leading-edge flaps deflected.
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Figure 54. Control effectiveness of symmetric deflections of middle trailing-edge flaps on Wing 1 with wide top body
on.
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Figure 55. Control effectiveness of symmetric deflections of middle trailing-edge flaps on Wing 1 with wide top body
on and leading-edge flaps deflected.
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0.0 //}/

-8 0 8 16 24 32 40 48 -0.2 -0.1 0.0 0.1 0.2
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Figure 56. Control effectiveness of symmetric deflections of middle trailing-edge flaps on Wing 2 with wide top body
on and leading-edge flaps deflected.
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Figure 57. Control effectiveness of symmetric deflections of middle trailing-edge flaps on Wing 3 with wide top body
on and leading-edge flaps deflected.
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Figure 58. Control effectiveness of symmetric deflections of middle trailing-edge flaps on Wing 4 with wide top body
on and leading-edge flaps deflected.

80



0.2

6”8, deg o) deg

f,MID’
0 o 0 0
1
o - -
5 2 w0 o
. OE?EH —a 5 T P B
C Ug¢ o= “a/ﬁ—u L 1
m
) S YoReR A T
Wing: 1 = 45°
-0.1 g Ster = 4
Body: wide  All other controls = 0°
-0.2 Tail: off
1.6
1.2

0.8 A

N
N
A
b
»%%% %

v
\:\\
| .
—
faWal
\J
—

c 04 /

0.0 /

o

BN
\r\
N
oY
| —Ft

-0.4

2N
'_\n\\

\X
—

-0.8

-8 0 8 16 24 32 40 48 -0.2  -01 0.0 0.1 0.2
o, deg
m

Figure 59. Control effectiveness of symmetric deflections of inboard and middle trailing-edge flaps on Wing 1 with
wide top body on and leading-edge flaps deflected.
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Figure 60. Control effectiveness of symmetric deflections of inboard and middle trailing-edge flaps on Wing 2 with
wide top body on and leading-edge flaps deflected.
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Figure 61. Control effectiveness of symmetric deflections of inboard and middle trailing-edge flaps on Wing 3 with
wide top body on and leading-edge flaps deflected.
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Figure 62. Control effectiveness of symmetric deflections of inboard and middle trailing-edge flaps on Wing 4 with
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Figure 63. Control effectiveness of symmetric deflections of outboard trailing-edge flaps on Wing 3 with wide top body
on and leading-edge flaps deflected.
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Figure 64. Control effectiveness of symmetric deflections of trailing-edge flaps and body flaps on Wing 1 with wide top

body on.
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Figure 65. Control effectiveness of symmetric deflections of trailing-edge flaps and body flaps on Wing 1 with wide top
body on and leading-edge flaps deflected.
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Figure 66. Control effectiveness of symmetric deflections of trailing-edge flaps and body flaps on Wing 2 with wide top
body on and leading-edge flaps deflected.
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Figure 67. Control effectiveness of symmetric deflections of trailing-edge flaps and body flaps on Wing 3 with wide top
body on and leading-edge flaps deflected.
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Figure 68. Control effectiveness of symmetric deflections of trailing-edge flaps and body flaps on Wing 4 with wide top

body on and leading-edge flaps deflected.
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Figure 69. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 1 with wide top

body on.
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Figure 70. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 1 with wide top

body on.
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Figure 71. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 1 with wide top
body on and leading-edge flaps deflected.
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Figure 72. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 1 with wide top
body on and leading-edge flaps deflected.
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Figure 73. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 2 with wide top
body on.
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Figure 74. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 2 with wide top
body on.
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Figure 75. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 2 with wide top
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Figure 76. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 2 with wide top
body on and leading-edge flaps deflected.
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Figure 77. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 3 with wide top

body on.
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Figure 78. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 3 with wide top

body on.
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Figure 79. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 3 with wide top
body on and leading-edge flaps deflected.
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Figure 80. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 3 with wide top
body on and leading-edge flaps deflected.

102



0.1

a, deg
o o
c, ooE= O 12
A 16
-0.1
0.04 )
Wwing: 4
Body: wide
0.02 Tail: off
S gr =0

All other controls = 0°
c, o

-0.02

-0.04

0.04

0.02 %
c, 000

-0.04 \
-15 -10 -5 0 5 10 15

B, deg

Figure 81. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 4 with wide top
body on.
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Figure 82. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 4 with wide top

body on.
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Figure 83. Variation of lateral-directional coefficients with sideslip at low angles of attack for Wing 4 with wide top
body on and leading-edge flaps deflected.

105



o, deg
O 20
cy 0.0 m— e = = O 32
A 48
-0.1
0.04 Wing: 4
Body: wide
0.02 Tail: off
! 6LEF = 45°
> :8:@ All other controls = 0°
Cn OOOZ X IX : A
73—
-0.02
-0.04
H— \S\&
0.02 \ﬂ\m
C 0.00
"\s\ 1]
-0.02 i
\o
-0.04
-15 -10 -5 0 5 10 15
B, deg

Figure 84. Variation of lateral-directional coefficients with sideslip at high angles of attack for Wing 4 with wide top
body on and leading-edge flaps deflected.
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Figure 85. Lateral-directional stability characteristics of wing planforms with top body off.
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Figure 86. Lateral-directional stability characteristics of wing planforms with top body off and leading-edge flaps
deflected.
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Figure 87. Lateral-directional stability characteristics of wing planforms with wide top body on.
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Figure 88. Lateral-directional stability characteristics of wing planforms with wide top body on and leading-edge flaps
deflected.
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Figure 89. Effect of wide top body on lateral-directional stability characteristics of Wing 1.
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Figure 90. Effect of wide top body on lateral-directional stability characteristics of Wing 2.
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-0.002

Unstable

-0.004
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s
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Figure 91. Effect of wide top body on lateral-directional stability characteristics of Wing 3.
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0.01 Body
O Off
. 0,00 g ,3/5‘3 SN O Wide
YB = == Y Y J\EJ 5 a
-0.01
0.004 Wing: 4
Tail: off
0.002 Ogp = 0°
Stable All other controls = 0°
Ch o.oooggsaag:gﬁpéiz € >
B e e
., o—9 L
|
0,002 Unstable
-0.004
0.004
0.002
Unstable|
G
CI 0.000 3/ B
/ Stabl
-0.002 \E\s_\‘é\f 3/@/€ /\\
W
-0.004
8 0 8 16 24 32 40 48

a, deg

Figure 92. Effect of wide top body on lateral-directional stability characteristics of Wing 4.
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0.01

Body
O Off
Cy 0.00 O wide
B A Medium
o
ool Narrow
0.004 Wing: 1
Tail: off
0.002 OLer = 4
Stable| All other controls = 0°
Ch
-0.002 |-
-0.004
0.004
0.002
table
C| 0.000 X% $
tabl
-0.002
-0.004
-8 16 24 32 40 48
a, deg

Figure 93. Effect of top body width on lateral-directional stability characteristics of Wing 1 with leading-edge flaps
deflected.
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0.01

c, 000}

Y

-0.01

0.004

0.002

Cp _ 0.000
P

-0.002

-0.004

0.005

0.003

C|  0.001gz
B g

-0.001

-0.003

Figure 94. Effect of top body width on lateral-directional stability characteristics of Wing 2 with leading-edge flaps

deflected.
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0.01

Body
O Off
CY 0.00 O wide
8 .
A Medium
ool ® Narrow
0.004 Wing: 3
Tail: off
0.002 OLgr =45
Stable All other controls = 0
(o 5 0.000
Unstable|
-0.002
-0.004
0.004 ;\
0.002 / \
\ Unstable|
Y
C, 0.000 X
: AN
T / \ \\Stabl
-0.002 4
-0.004
-8 16 24 32 40 48
a, deg

Figure 95. Effect of top body width on lateral-directional stability characteristics of Wing 3 with leading-edge flaps
deflected.
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0.01

Body
O Off
c, 000 O wide
B A Medium
o
ool Narrow
0.004 Wing: 4
Tail: off
0.002 OLer = 4
Stable| All other controls = 0°
c. 15}
Unstable
-0.002 |-
-0.004
0.004
Unstable
0.002 A
C, ~ 0.000 /'d\
B
-0.002 - ‘
Stable
-0.004 ‘
-8 16 24 32 40 48
a, deg

Figure 96. Effect of top body width on lateral-directional stability characteristics of Wing 4 with leading-edge flaps
deflected.
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0.01 5LEF 9%
o o
CYB O 15
A 30
® 45
0.004 !
Wing: 1
Body: off
oo Tail: off
Stable All other controls = 0°
Ch
Unstable
-0.002 |-
-0.004
0.004

Unstable

0.002 . A
c, , 0o A4k

-0.002 |
Stable

-0.004 I ‘
-8 0 8 16 24 32 40 48

o, deg

Figure 97. Effect of leading-edge flap deflections on lateral-directional stability characteristics of Wing 1 with top body
off.
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0.01 Ouer 4e0
o o0
CYB OOOE ?ﬁ—a—"’j o8
-0.01
0.004
Wing: 2
Body: off
00 Tail: off
Stable All other controls = 0°
C g o.oooﬁ—wﬁ g
+—F
Unstable
-0.002 -
-0.004
0.004
Unstable
0.002
= A ﬂ/\ﬁg
CIBO-OOO x‘ / X; \
V- S AR ;
-0.002 |- f Y
Stable
-0.004 .
8 0 8 24 2 40 48

o, deg

Figure 98. Effect of leading-edge flap deflection on lateral-directional stability characteristics of Wing 2 with top body
off.
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C 0.00 v —
B £ > 5=
-0.01
0.004
0.002
Stable
Unstable
-0.002 -
-0.004
0.004
Unstable
0.002
]
CI 8 0.000 / )ﬁ \
N D
-0.002 |- "“i:::;Aa/ij/ \\yJEKZEVV'
Stable
-0.004 ‘
-8 8 16 24 32 40 48
o, deg

Figure 99. Effect of leading-edge flap deflection on lateral-directional stability characteristics of Wing 3 with top body

off.

Oer deg
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0O 45
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C 0.00 -
-0.01
0.004
0.002
Stable
Ch 0.000 EFM‘BQE - 3
B | )
Unstable
-0.002
-0.004
0.004
Unstable
0.002 A
A

c, o.oooE%EJEE:gg::?k
B

-0.002

N

T

S

N

-0.004

N\ P
J

Figure 100. Effect of leading-edge flap deflection on lateral-directional stability characteristics of Wing 4 with top body

off.
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0.01
O g+ deg
o 0
C 0.00 O 15
B
" \. A 30
[
-0.01 ‘ 45
0.004 Wing: 1
Body: wide
0.002 Tail: off

Stable

All other controls = 0°

C, 0.0008
B

-0.002

-0.004

0.005

[\

Unstable|

0\
A

-0.001 \\\;\

C 0.001
I B C

\

-0.003 | Stable
-8 0 8 16 24 32 40 48

o, deg

Figure 101. Effect of leading-edge flap deflections on lateral-directional stability characteristics of Wing 1 with wide
top body on.
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0.02 6LEF‘deg
o o
O 15
A 30
® 45
0.004
Wing: 2
Body: wide
0.002 Tail: off
Stable All other controls = 0°
Cp . 0.000
B
Unstable
-0.002
-0.004
0.005 f\
Unstable

-0.001

Stable
48

Figure 102. Effect of leading-edge flap deflections on lateral-directional stability characteristics of Wing 2 with wide
top body on.
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0.02 OLgr + 48
O 0
O 15
A 30
® 45
0.004 Wing: 3
Body: wide
0.002 Tail: off
Stable All other controls = 0°
C g 0.000
-0.002
-0.004
0.005
A
0.003 /?\\L
// \\ UnstaT
CI 8 0.001 ///
>
-0.001 / S \ /4\ éégﬁ
0.003 ‘ Stable
-8 0 8 16 24 32 40 48
a, deg

Figure 103. Effect of leading-edge flap deflections on lateral-directional stability characteristics of Wing 3 with wide
top body on.
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O g - ded

o 0

O 15

A 30

® 45
0.004 Wing: 4

Body: wide
0,002 Tail: off

Stable All other controls = 0°
C, 0.000
B 8
Unstable|
-0.002
-0.004
0.004
Unstable
0.002
A
C. 0.000 H
' > r/@/
-0.002
\ Stable
X
-0.004 :
-8 0 8 16 24 32 40 48
a, deg

Figure 104. Effect of leading-edge flap deflections on lateral-directional stability characteristics of Wing 4 with wide
top body on.
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Vertical tail
O Off
C 0.00 - = A/e/e_e—g O Medium
Yp o—o—4 2 o—o 5 a8 8 /
Er—t:r g = = \E{
-0.01 ‘
0.004 Wing: 1
Body: narrow
0.002 Tail location: inboard
3/EIL Stablﬁ 6LEF = 45°
All other controls = 0°
0.000 I=F 1 /9::\\5\—5/5\
Cng I —o~ | \0’9\9\\5\
)\( Unstable
-0.002
-0.004
0.004

0.002 ?\t
A / \ Unstable
0.000 6 \,\ ﬁ

-
J MM \rJ\ a

Stable

C

-0.002

-0.004

-8 0 8 16 24 32 40 48
o, deg

Figure 105. Effect of medium vertical tails on lateral-directional stability characteristics of Wing 1 with narrow top
body on and leading-edge flaps deflected.
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0.01

Vertical tail
o0——q O Off
—O—@—= —O .
CY 0.00 —— 1 O Medium
B c = o 4 F—rn
H = T = "\?
-0.01 ‘
o Wing: 2
Body: narrow
0002 Tail location: inboard
Stable BLEF = 450
C OOOOE%H/E\EFE/E’“E\ \ | Allother conirols = 0°
nB . ¢ EJ\E 1
Unstable
-0.002
-0.004
0.005

A
0.003

&

\ Unstal
Cc | 5 0.001

-0.001 \cg\ /o/ /2\5_,5;\‘
et/

=)
[

o

Stable

-0.003

a, deg

Figure 106. Effect of medium vertical tails on lateral-directional stability characteristics of Wing 2 with narrow top
body on and leading-edge flaps deflected.
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0.01

O _
C 0.00 3]
g oe—ge oo o= g
3—: 1" 1) == ==} == =] \E/
-0.01
0.004
0.002
Stable
0.000 ! }‘E/E—‘E/E\SK ‘ ¢
B 5—=
-0.002 Unstable
-0.004
0.004
7AN
0.002 / \R
Unstable
C 0.000 X
\off
-0.002
Stable
-0.004
-8 0 8 16 24 32 40 48
o, deg

Figure 107. Effect of medium vertical tails on lateral-directional stability characteristics of Wing 3 with narrow top

body on and leading-edge flaps deflected.

Vertical tail
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Body: narrow

Tail location: inboard
S gp = 45°

All other controls = 0°



0.01

CYB 0.00
-0.01
0.004
0.002

Cp_ 0.000

-0.002

-0.004

0.004

0.002

C,  0.000
B

-0.002

-0.004

Figure 108. Effect of medium vertical tails on lateral-directional stability characteristics of Wing 4 with narrow top
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| . _E_E/EI/E\E Stable
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Unstable
Unstable|
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e\é§$§

i e
;\S\S\ o 3/; / ¥
‘S\E/E*E' i Stable
-8 0 16 24 32 40 48
a, deg

body on and leading-edge flaps deflected.
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Vertical tail

O Off
O Medium

Wing: 4

Body: narrow

Tail location: inboard
Ser = 45°

All other controls = 0°



0.01

Vertical tall
O Off
CYB 0.00 N ———— ﬁ ] Small
A Medium
-0.01 ® |arge
0.004 Wing: 1
Body: narrow
0.002 Tail location: inboard

Stabl — °
A O pp =45
All other controls = 0°

Ch
-0.002 Unstable
-0.004
0.004
0.002 ?\t
/ \ Unstable
4 a3
C | 0.000 \EB\E

-0.002
Stable

-0.004
-8 0 8 16 24 32 40 48

o, deg

Figure 109. Effect of vertical tail size on lateral-directional stability characteristics of Wing 1 with narrow top body on
and leading-edge flaps deflected.
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0.01
0.00
C Yp

-0.01

0.004

0.002

C n
§
-0.002

-0.004

0.004

0.002

C, 0.000
B

-0.002

-0.004

Figure 110. Effect of location of small vertical tails on lateral-directional stability characteristics of Wing 1 with narrow

Stab+e
Unstable
[ - )
5= \\ F
\ / Stable
Y
-8 16 24 32 40 48
o, deg

top body on and leading-edge flaps deflected.
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O Off
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Body: narrow
Tail: small
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All other controls = 0°



0.1

0aiB. OaMID: Oa0B.
0.0 3¢ g deg deg deg
ACy L o -30 0 0
O 0 -30 0
-0.1 A 0 0 -30
005 Wing: 1
Body: wide
0.04 .
Tail: off
o) = 45°
0.02 LEF
All other controls = 0°
AC
0.00 === =R
[ -y L=
T :L\E B—H
-0.02 El\EE}—/E/E
-0.04
0.06
0.04
0.02 L
[
ACI é 3;5@:&): A %S
0.00 ;\.«/ )\ A ;
' Q
-0.02
-0.04
-8 0 8 16 24 32 40 48
a, deg

Figure 111. Control effectiveness of differential deflections of trailing-edge flaps on Wing 1 with wide top body on and
leading-edge flaps deflected.
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0.1

OaiB. OaMID: 0a0B.
deg deg deg
AC Y -30 0 0
0 -30 0
-30 -30 0
0 0 -30
0.06 Wing: 2
Body: wide
0.04 Tail: off
0.02 OLer = 4%
’ All other controls = 0°
AC
0.00
N
A
-0.02
-0.04 | |
0.06
0.04
0.02 A T =
AC | G—<¢ O—f¢ o—o L ;\ By
OOO A4 </ P
-0.02
-0.04
-8 0 8 16 24 32 40 48
o, deg

Figure 112. Control effectiveness of differential deflections of trailing-edge flaps on Wing 2 with wide top body on and
leading-edge flaps deflected.
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0.1

048, OaMID: Oa0B.
deg deg deg
AC Y (o) -30 0 0
O 0 -30 0
-0.1 A -30 -30 0
o 0 0 -30
0.06 Wing: 3
Body: wide
0.04 Tail: off
0.02 OLer = 4%
’ All other controls = 0°
ACp
0.00
A
-0.02
-0.04 | |
0.06
0.04
0.02 A
AC
I é ™, Van
o0—6& O—<¢ 5—=%
0.00 ;\ﬁb \ D
T
-0.02
-0.04
-8 0 8 16 24 32 40 48

o, deg

Figure 113. Control effectiveness of differential deflections of trailing-edge flaps on Wing 3 with wide top body on and
leading-edge flaps deflected.
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0.1

0318, OaMID, Oa0B.
deg deg deg
ACY -30 0 0
0 -30 0
-30 -30 0
0 0 -30
0.06 Wing: 4
Body: wide
0.04 Tail: off
0.02 OLer = 4
' All other controls = 0°
AC | A
0.00
-0.02
-0.04
0.06
0.04 e A\u
0.02 4 ! o )"\‘./:
AC i = o S
! C—o—gp—o0—o6—o0——0 <
0.00
-0.02
-0.04
-8 0 8 16 24 32 40 48

o, deg

Figure 114. Control effectiveness of differential deflections of trailing-edge flaps on Wing 4 with wide top body on and
leading-edge flaps deflected.
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0.1

Oa,B, deg

——¢ NG o -15
y 00 E%%Pﬁ%f g) O -30

AC

=

0.06 Wwing: 1

Body: wide
Tail: off
O gp = 45°

All other controls = 0°

0.04

0.02

ACh

0.00 .

-0.02

-0.04

0.06

0.04

0.02
AC - &
' 5—& )
0.00

-0.02

-0.04
-8 0 8 16 24 32 40 48

o, deg

Figure 115. Control effectiveness of differential deflections of inboard trailing-edge flaps on Wing 1 with wide top
body on and leading-edge flaps deflected.
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0.1

daMID. deg

AC 0.0 37&&?'5_@,!;# A 8 éﬁ

0.06

Wing: 1

Body: wide
Tail: off
OSLer = 45°

All other controls = 0°

0.04

0.02

AC,

0.00 Fd

-0.02

-0.04

0.06

0.04

0.02

0.00

-0.02

-0.04
-8 0 8 16 24 32 40 48

o, deg

Figure 116. Control effectiveness of differential deflections of middle trailing-edge flaps on Wing 1 with wide top body
on and leading-edge flaps deflected.
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0.1

O3B, OaMID, 0a0B.
deg deg deg
0.0
ACy R o 30 0 0
O 0 -30 0
-0.1 ! A 0 0 -30
0.06 )
Wing: 1
Body: off
0.04 .
Tail: off
o) = 45°
0.02 LEF
All other controls = 0°
AC
0.00 E%H—aﬁg—“—éﬁ%%ﬁa;ﬁsﬁ
3 ="
-0.02 \9\53/9 m'
-0.04
0.06
0.04
0.02 B
¢ p £
>—¢
0.00
-0.02
-0.04 '
-8 0 8 16 24 32 40 48
a, deg

Figure 117. Control effectiveness of differential deflections of trailing-edge flaps on Wing 1 with top body off and
leading-edge flaps deflected.
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0.1

daiB. OaMID.
— . deg deg
0.0 > > &
ACy ; < ’ o -30 0
O 0 -30
-0.1
0.06 Wing: 1
Body: wide
0.04
Tail: off
0.02 S gp = 0°
' All other controls = 0°

0.00 Ei—.g_g—siiﬁ\; V=SS N o0

-0.02

-0.04

0.06

0.04

I .

T eA il
AC | —4 Ea/e—-s\@/ B— g\L-‘ —F]
0.00 ;\‘
-0.02
-0.04 I
-8 0 8 16 24 32 40 48

a, deg

Figure 118. Control effectiveness of differential deflections of trailing-edge flaps on Wing 1 with wide top body on.
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0.1

ds0B, deg
©6—o —0—0—0_o OO o000 o -84

AC 0.0

0.06 Wwing: 1

Body: wide
Tail: off
O gp = 45°

All other controls = 0°

0.04

0.02

0.00 o ——0T—= - = Dy - € €D

-0.02

-0.04

0.06

0.04

0.02

0.00 — )/Fe/‘

-0.02

-0.04

-8 0 8 16 24 32 40 48
a, deg

Figure 119. Control effectiveness of split deflection of right outboard trailing-edge flap on Wing 1 with wide top body
on and leading-edge flaps deflected.
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0.1

| 0s,0B, deg
Ac o_0< —o o o6, o o0 o -69

0.06 Wwing: 2

Body: wide
Tail: off
O gp = 45°

All other controls = 0°

0.04

0.02

N
U
A4

0 ) 00 I ﬁre Fany Fany Fany :

N
U

-0.02

-0.04

0.06

0.04

0.02

AcC,
0.00 PN . N

-0.02

-0.04

-8 0 8 16 24 32 40 48
a, deg

Figure 120. Control effectiveness of split deflection of right outboard trailing-edge flap on Wing 2 with wide top body
on and leading-edge flaps deflected.
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0.1

35,08, deg
¢ Fa > - ;;\_63/5;-——6) O -69

AC 0.0

0.06
Wing: 3

Body: wide
Tail: off
6LEF = 45°

All other controls = 0°

0.04

0.02

ACh

%
%

Y4
oD
AV

-0.02

-0.04

0.06

0.04

0.02

~o—0or
0.00 $p——0—0 o A

-0.02

-0.04
-8 0 8 16 24 32 40 48

a deg

Figure 121. Control effectiveness of split deflection of right outboard trailing-edge flap on Wing 3 with wide top body
on and leading-edge flaps deflected.
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Figure 122. Control effectiveness of split deflections of left outboard trailing-edge flap on Wing 4 with wide top body

on and leading-edge flaps deflected.
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All other controls = 0°



0.1

dsMID, deg
O -69

AC 0.0

0.06 Wing: 1

Body: wide
) Tail: off
o :
B/Qﬂ' 6 = 45°
A LEF

0.02 N
/»' 3 o —o—« 4 All other controls = 0°
¢

0.00

0.04

-0.02

-0.04

0.06

0.04

0.02

AC,
0.00

-0.02

-0.04
-8 0 8 16 24 32 40 48

o, deg

Figure 123. Control effectiveness of split deflection of right middle trailing-edge flap on Wing 1 with wide top body on
and leading-edge flaps deflected.
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0.04
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0.00
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-0.04
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Figure 124. Control effectiveness of split deflections of right middle trailing-edge flap on Wing 2 with wide top body on

and leading-edge
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0.1

dsMID, deg
0.0 o -39
ACY ' HH Y o o—-¢ —C O -69
- i
-0.1
0.06 Wing: 3
Body: wide
0.04 .
Tail: off
m | T m
T o o OLgp = 45°
0.020@ Sl Bt al| LEF
ac, G/@_,@——el —0—o Cg. = >—&  All other controls = 0
0.00
-0.02
-0.04 . |
0.06
0.04
0.02
AC,
0.00 @
= 53— ;dg
-0.02
-0.04
-8 0 8 16 24 32 40 48

a, deg

Figure 125. Control effectiveness of split deflections of right middle trailing-edge flap on Wing 3 with wide top body on
and leading-edge flaps deflected.
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0.1

dsMID, deg
0.0 O 39
AC - 3 — =
Y E == [3’ Li- Ej = ..3 D 69
-0.1
0.06 Wing: 4
Body: wide
0.04 .
Tail: off
o) = 45°
0.02 LEF
All other controls = 0°
ACh e — T
== s | C 1
0.00 G ()&[\ o A N D
-0.02
-0.04 | |
0.06
0.04
0.02
AC|
0.00 &
‘ﬁ‘-ﬁi——ﬁ\é
i\\\eﬁg\‘e-—-tr © a/
-0.02 & 'J/E
-0.04
-8 0 8 16 24 32 40 48
a, deg

Figure 126. Control effectiveness of split deflections of left middle trailing-edge flap on Wing 4 with wide top body on
and leading-edge flaps deflected.
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0.1

d, ., deg
o -21
AC 0.0 - )
Y
9—e~1>‘r‘ © € ‘—JB//
A\ AV O
_0]_ |
0.0 wing: 1
Body: narrow
0.04 Tail: medium
Tail location: inboard
0.02 o
AC i OLgp = 45
n c;__e—ﬁa——é}'fm All other controls = 0°
0.00 == S N
-0.02
-0.04
0.06
0.04
0.02
ACl
0.00 === 9\\C o
N <
/1
-0.02
-0.04
-8 0 8 16 24 32 40 48

o, deg

Figure 127. Control effectiveness of deflection of medium vertical tails at inboard location for Wing 1 with narrow top
body on and leading-edge flaps deflected.
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0.1

J, » deg
o -21
0.0 Lo—=C © )
G-esr o—6— o 9—/@"’27
_01 |
0.06 wing: 2
Body: narrow
0.04 Tail: medium
Tail location: inboard
0.02 5 e
AC P LEF = 4
n o W All other controls = 0°
0.00 N
-0.02
-0.04
0.06
0.04
0.02
ACl
: O
0.00 - —9
/
v D//c
oo v
-0.04
-8 0 8 16 24 32 40 48
o, deg

Figure 128. Control effectiveness of deflection of medium vertical tails at inboard location for Wing 2 with narrow top
body on and leading-edge flaps deflected.
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0.1

3, » deg
0.0 & o -21
ACY . /e/q— S
¢—o—4—o—o—-o—0
-0.1 |
0.06 wing: 3
Body: narrow
.04
0.0 Tail: medium
Tail location: inboard
002 6 —_ o
AC o——¢—6—60——6_g LEF = %
n All other controls = 0°
0.00 )
-0.02
-0.04
0.06
0.04 -
0.02
ACI [
0.004 20O —q /e—g,
-0.02 \9\ /2
-0.04
-8 0 8 16 24 32 40 48
o, deg

Figure 129. Control effectiveness of deflection of medium vertical tails at inboard location for Wing 3 with narrow top
body on and leading-edge flaps deflected.
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Figure 130. Control effectiveness of deflection of medium vertical tails at inboard location for Wing 4 with narrow top
body on and leading-edge flaps deflected.
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Figure 131. Effect of tail size on control effectiveness of maximum vertical tail deflections for Wing 1 with narrow top
body on and leading-edge flaps deflected.
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Figure 132. Control effectiveness e80° deflection of small vertical tails in inboard and outboard locations for
Wing 1 with narrow top body on and leading-edge flaps deflected.
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(b) Backward-swept drag-generating surface.

Figure 133. Effect of hinge line sweep of drag-generating yaw control on side force and associated yawing moment
generated by control deflection.
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